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Chapter 1- Introduction

1.1 Purpose of this Volume

This volume of the stormwater manyabvides best management practices (BMPs) for
controllingthe volume and timing of stormwater flowas required b$CC30.63A.550Qthrough
SCC 30.63A60 SCC This volumepresents techniques of hydrologic analysis, and BMPs
related to management of the amount and timing of stormwater flows from developed sites.

BMPs for preventing pollution of stormwater runoff and for treating contaminated runoff are
presented in Volumd¥ and V, respectively.

1.2 Content and Organization of this Volume

Volume Il of the stormwater manual contains three chapters. Chapter 1 serves as an
introduction. Chapter 2 reviews methods of hydrologic analysis, covers the use of hydrograph
methods fodesigning BMPs, and provides an overview of various computerized modeling
methods and analysis of closed depressions. Chapter 3 describes flow control BMPs and
provides design specifications feon-pollution generating impervious surfadéRGIS runoff
controls and detention facilities. It also provides design considerations of infiltration facilities
for flow control.

This volume includes three appendices. Appendix A has isopluvial maps for western
Washington. Appendix B has information and assumptan the Western Washington
Hydrology Model (WWHM). Appendix C includes detailed information concerning how to
represent various Low Impact Development (LID) techniques in continuous runoff models so
that the models predict lower surface runoff ratesvanaimes.

Designrequirements for stormwateonveyance systems aet forth in SCC 30.63A.730
through SCC 30.63A.750 and Snohomish County EDDS Chapter 5.

1.3 How to Use this Volume

SCC30.63A.300through SCC 30.63810 andvolume lof this manuakhould be consulted to
determinghe applicable requirements for flow contrdifter theserequirements have been
determined, this volume should be consuftedhedesignand construction dfow control
facilities. These facilities can then be incldde Stormwater Site Plars required bysCC
30.63A.400through SCC 30.63440,
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Chapter 2- Hydrologic Analysis

The broad definition of hydrology is Athe sci
distribution, and laws of water as it moves through its closed cycle on the earth (the hydrologic
cycle). o As applied in thislmanusal adidoweswsers,
guantifies only a small portion of this cycle. That portion is the relatively-s&iont movement

of water over the land resulting directly from precipitation and called surface water or

stormwater runoff. Localized and lotgrm graund water movement must also be of concern,

but generally only as this relates to the movement of water on or near the surface, such as stream
base flow or infiltration systems.

The purpose of this chapter is to define the minimum computational stangquéded, to outline

how these may be applied, and to reference where more complete details may be found, should
they be needed. This chapter also provides details on the hydrologic design process; that is, what
are the steps required in conducting a bialyic analysis, including flow routing.

2.1  Minimum Computational Standards

The minimum computational standards depend on the type of information required and the size
of the drainage area to be analyzed, as follows:

1. For the purpose of designing mdgoes of runoff treatment BMPs, a calibrated
continuous simulation hydrologic model based
ProgramFortran) program, or an approved equivalent model, must be used to calculate runoff

and determine the water qualdgsign flow rates and volumes.

For the purpose of designing wetpool treatment facilities, there are two acceptable methods: an
approved continuous runoff model to estimate tiép&kcentile, 24our runoff volume, or the
NRCS (Natural Resources Consaion Service) curve number method to determine a water
guality design storm volume. The water quality design storm volume is the amount of runoff
predicted from the-6nonth, 24hour storm.

For the purpose of designing flow control BMPs, a calibratetiraoous simulation hydrologic
model, based on the EPAG6s HSPF, must be used.

The circumstances under which different methodologies apply are summarized below.
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Summary of the application design methodologies
BMP designs in western Washington

Method Treatment Flow Control
SCSUH/SBUH (Sall Method applies for
Conservation Service Unit BMPs that are sized
Hydrograph/Santa Barbara based on the volume of
Unit Hydrograph) runoff from a 6month,

24-hour storm.
Currently, that includes
only wetpoofifacilities.
Notee. These B
require generating a

hydrograph. Not Applicable
Continuous Runoff Models: Method applies to all Method applies
(WWHM or approved BMPs. throughout Western
alternatives. See below) Washington
2. If a basin plan is being prepared, then a hydrologic analysis should be performed using a

continuous simulation model such as the EPA's HSPF model, the EPA's Stormwater
Management Model (SWMM), or an equivalent model as approv&hbliomish County

Significant progress has been made in the development and availability ofddS&F

continuous runoff models for Western Washington. The Department of Ecology has coordinated
the development of the Western Washington Hydrology Model (WWHM). It usdalifamoff
relationships developed for specific basins in the Puget Sound region to all parts of western
Washington. Where field monitoring establishes bagpkecific rainfall/runoff parameter

calibrations, those can be entered into the model, supeggbeéiniefault input parameters.

Two other HSPased continuous runoff modelse allowed by Snohomish County for
drainage desigriMiGS Flood and KCRTS (King County Runoff Time Series).

2.1.1 Discussion of Hydrologic Analysis Methods Used for Designir§MPs

This section provides a discussion of the methodologies to be used for calculating stormwater
runoff from a project site. It includes a discussion of estimating stormwater runoff with single
event models, such as the SBUH, versus continuous siotulatdels.

September 2010 Snohomish County Drainage Manual Volume Il - Hydrologic Analysis and Flow Control BMPs 3



A continuous simulation model has considerable advantages over the singlbaseshtmethods

such as the SCSUH, SBUH, or the Rational Method. HSPF is a continuous simulation model
that is capable of simulating a wider range of hydrologgponses than the single event models
such as the SBUH method. Single event models cannot take into account storm events that may
occur just before or just after the single event (the design storm) that is under consideration. In
addition, the runoff fes generated by the HSPF models are the result of a considerable effort to
introduce local parameters and actual rainfall data into the model and therefore produce better
estimations of runoff than the SCSUH, SBUH, or Rational methods.

Ecology has deveped a continuous simulation hydrologic model (WWHM) based on the HSPF
for use in western Washington (see Section 2.2). Continuous rainfall records/data files have
been obtained and appropriate adjustment factors were developed as input to HSPF. Input
algorithms (referred to as IMPLND and PERLND) have been developed for a number of
watershed basins in King, Pierce, Snohomish, and Thurston counties. These rainfall files and
model algorithms are used in the HSPF in western Washington. Untidgeessificcalibrations

of HSPF are developed, the input data mentioned above must be used.

While SBUH may give acceptable estimates of total runoff volumes, it tends to overestimate
peak flow rates from pervious areas because it cannot adequately model suffiswrfagkich

is a dominant flow regime for pi@evelopment conditions in western Washington basins). One
reason SBUH overestimates the peak flow rate for pervious areas is that the actual time of
concentration is typically greater than what is assumetteBw estimates could be made if a
longer time of concentration was used. This would change both the peak flow rate (i.e., it would
be lower) and the shape of the hydrograph (i.e., peak occurs somewhat later) such that the
hydrograph would better reitt actual predeveloped conditions.

Another reason for overestimation of the runoff is the curve numbers (CN) in the 1992 Manual.
These curve numbers were developed byN#Bural Resources Conservation Service (NRCS),
formerly the Soil Conservation Serei¢SCS) and published as the Western Washington
Supplemental Curve Numbers. These CN values are typically higher than the standard CN
values published in Technical Release 55, June 1986. In 1995, the NRCS recalled the use of the
western Washington CNsrffloodplain management and found that the standard CNs better
describe the hydrologic conditions for rainfall events in western Washington. However, based

on runoff comparisons with the KCRTS better estimates of runoff are obtained when using the
westernWashington CNs for the developed areas such as parks, lawns, and other landscaped
areas. Accordingly, the CNs in this manual (see Table 2.3) are changed to those in the Technical
Release 55 except for the open spaces category for the developed arbaschide, lawn,

parks, golf courses, cemeteries, and landscaped areas. For these areas, the western Washington
CNs are used. These changes are intended to provide better runoff estimates using the SBUH
method.

Another major weakness of SBUH is thasiused to model a 2dour storm event, which is too
short to model longeterm storms in western Washington. The use of a leteger (e.g. 3or
7-day storm) is perhaps better suited for western Washington.

Related to the last concern is the fact that single event approaches, such as SBUH, assume that
flow control ponds are empty at the start of the design event. Continuous runoff models are able
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to simulate a continuous losigrm record of runoff and soil @sture conditions. They simulate
situations where ponds are not empty when another rain event begins.

Finally, single event models do not allow for estimation and analyses of flow durations nor water
level fluctuations. Flow durations are necessaryfscharges to streams. Estimates of water
level fluctuations are necessary for discharges to wetlands and for tracking influent water
elevations and bypass quantities to properly size treatment facilities.

2.2 Western Washington Hydrology Model

This fction summarizes the assumptions made in creating the western Washington Hydrology
Model (WWHM) and discusses limitations of the model. More information on the WWHM and
the assumptions can be found in Appendi8llI

Limitations to the WWHM

The WWHM has ben created for the specific purpose of sizing stormwater control facilities for
new developments in western Washington. The WWHM can be used for a range of conditions
and developments; however, certain limitations are inherent in this software. T&s#olhs

are described below.

The WWHM uses the EPA HSPF software program to do all of the rainfadff and routing
computations. Therefore, HSPF limitations are included in the WWHM. For example,
backwater or tailwater control situations are notliekly modeled by HSPF. This is also true in
the WWHM.

In addition, the WWHM is limited in its routing capabilities. The user is allowed to input
multiple stormwater control facilities and runoff is routed through them. If the proposed
development sitenvolves routing through a natural lake or wetland in addition to multiple
stormwater control facilities then the user should use HSPF to do the routing computations and
additional analysis.

Routing effects become more important as the drainage areases. For this reason itis
recommended that the WWHM not be used for drainage areas greater tHaaif sggiare mile
(320 acres). The WWHM can be used for small drainage areas less than an acre in size.
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Assumptions made in creating the WWHM

Precipitation data.

The WWHM uses longerm (4350 years) precipitation data to simulate the potential
impacts of land use development in western Washington. A minimum period of 20 years
is required to simulate enough peak flow events to produce accuratedtpremfcy

results.

A total of 17 precipitation stations are used, representing the different rainfall regimes
found in western Washington.

These stations represent rainfall at elevations below 1506sfemt/fall and snowmelt
are not included in the WWHM.

The primary source for precipitation data is National Weather Service stations.

The base computational time step used in the WWHM is one hour. TH®ongme

step was selected to better represent the temporal variability of actual precipitation than
daly data. Based on more frequent {tbnute) rain data collected over 25 years in

Seattle, a relationship has been developed and incorporated in WWHM for converting the
60-minute water quality design flows to-tainute flows. The 18ninute water quality

design flows are more appropriate and must be used for design of water quality treatment
facilities that are expected to have a hydraulic residence time of less than one hour.

Precipitation multiplication factors.

The WWHM uses precipitation multiplication factors to increase or decrease recorded
precipitation data to better represent local rainfall conditions.

The factors are based on the ratio of thén@dr, 25year rainfall intensities for the
representativeprc i pi t ati on gage and the surroundi ng¢
record.

The factors have been placed in the WWHM d
They will be transparent to the general user, however the advanced user will have the

ability to change the coefficient for a specific site. Changes made by the user will be

recorded in the WWHM output. By default, WWHM does not allow the precipitation
multiplication factor to go below 0.8 or above 2.

Pan evaporation data.

The WWHM uses pan evaporation coefficients to compute the actual evapotranspiration
potential (AET) for a site, based on the potential evapotranspiration (PET) and available
moisture supply. AET accounts for the precipitation that returns to the atm@spher
without becoming runoff.

The pan evaporation coefficients have been placed in the WWHM database and linked to
each countyds map. They will be transpare
have the ability to change the coefficient for a #gpesite. These changes will be

recorded in the WWHM output.
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Soil data.

The WWHM uses three predominate soil type to represent the soils of western
Washington: till, outwash, and saturated.

The user determines actual local soil conditions for the spel@felopment planned and
inputs that data into the WWHM. The user inputs the number of acres of outwash (A/B),
till (C/D), and saturated (wetland) soils for the site conditions.

Additional soils will be included in the WWHM if appropriate HSPF paramedkres
are found to represent other major soil groups.

Vegetation data.

The WWHM will represent the vegetation of western Washington with three predominate
vegetation categories: forest, pasture, and lawn (also known as grass).

The predevelopment landwrditionsis a fully-forested condition (soils and vegetation) of
secondgrowth forest to which the Western Washington Hydrologic Model (WWHM) is
calibrated. ldwever, the user has the option of specifying pasture if there is documented
evidence that paste vegetation was native to the predevelopment site. In highly
urbanized basins (see Minimum Requirement #7 in Volume |, Chapter 2, it is possible to
use the existing land cover as the-gexeloped land condition.

Development land use data.

Developmentdnd use data are used to represent the type of development planned for the
site and are used to determine the appropriate size of the required stormwater mitigation
facility.

Among the land uses options, WWHM includes a Standard residential development
which makes specific assumptions about the amount of impervious area per lot and its
division between driveways and rooftops. Streets and sidewalk areas are input
separately. Ecology has selected a standard impervious area of 4200 square feet per
residentialot, with 1000 square feet of that as driveway, walkways, and patio area, and
the remainder as rooftop area.

The WWHM distinguishes between effective impervious area anetfiective
impervious area in calculating total impervious area.

Credits are give for infiltration and dispersion afon-pollution-generating impervious
surfacerunoff and for use of porous pavement for driveway areas. The WWHM2
currently includes an option for obtaining credits for the use of porous pavements on
Streets/Sidewalk/Pking.

Forest and pasture vegetation areas are only appropriate for separate undeveloped parcels
dedicated as open space, wetland buffer, or park within the total area of the development.
Development areas must only be designated as forest or pastuhe hydrologic

model iflegal restrictions can be documented that protect these areas from future
disturbances
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e The WWHM can model bypassing a portion of the runoff from the development area
around a stormwater detention facility and/or having offsitewnenter the development
area.

Application of WWHM in Redevelopments Projects

Redevelopment requirements may allow, for some portions of the redevelopment project area,

the predeveloped condition to be modeled as the existing condition rather tharml foreste

pasture condition. For instance, where the replaced impervious areas do not have to be served by
updated flow control facilities because area or cost thresho®ISt30.63A.31@re not

exceeded.

Pervious and Impervious Land Categories (PERLND andMPLND parameter values)

e In WWHM (and HSPF) pervious land categories are represented by PERLNDs;
impervious land categories by IMPLNDs

e The WWHM provides 16 unique PERLND parameters that describe various hydrologic
factors that influence runoff and 4 parders to represent IMPLND.

e These values are based on regional parameter values developed by the U.S. Geological
Survey for watersheds in western Washington (Dinicola, 1990) plus additional HSPF
modeling work conducted by AQUA TERRA Consultants.

e Surfacerunoff and interflow will be computed based on the PERLND and IMPLND
parameter values. Groundwater flow can also be computed and added to the total runoff
from a development if there is a reason to believe that groundwater would be surfacing
(such wherehere is a cut in a slope). Howewtre default condition in WWHM
assumes that no groundwater flow from small catchments reaches the surface to become
runoff.

Flow control standards.

Flow control standards are used to determine whether or not a praposedater facility will
provide a sufficient level of mitigation for the additional runoff from land developnfdoty
control standards are set forth in SCC 30.63A.550 through SCC 30.63A.560. Additional
requirements for discharges to wetlands aress#t in SCC 30.63A.570.

2.3 Single Event Hydrograph Method

Hydrograph analysis utilizes the standard plot of runoff flow versus time for a given design

storm, thereby allowing the key characteristics of runoff such as peak, volume, and phasing to be
considered in the design of drainage facilities. Because the only utility for single event methods
in this manual is to size wet pool treatment facilities, only the subjects of design storms, curve
numbers and calculating runoff volumes are presented. lesavgnt methods are used to size
temporary and permanent conveyances, the reader should reference other texts and software for
assistance.
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2.3.1 Water Quality Design Storm

The design storm for sizing wetpool treatment facilities is theoth, 24hour gorm. Unless
amended to reflect local precipitation statistics, timed®ith, 24hour precipitation amount may
be assumed to be 72 percent of theedr, 24hour amount. Precipitation estimates of the 6
month and Z/ear, 24hour storms for certain townsid cities are listed in AppendixB. of
Volume I. For other areas, interpolating between isopluvials for-yfeaf, 24hour precipitation
and multiplying by 72% yields the appropriate storm size.

The total depth of rainfall (in tenths of an inch) for storms eh@dr duration and 2, 5, 10, 25,

50, and 108&ear recurrence intervals are published by the National Oceanic and Atmospheric
Administration (NOAA). The information is presented inthefarh fAi sopl uvi al 06 ma
state. Isopluvial maps are maps where the contours represent total inches of rainfall for a

specific duration. Isopluvial maps for the 2, 5, 10, 25, 50, and/@80recurrence interval and

24-hour duration stormeventscare f ound i n t he NOA-Areqhentyas 2, 0
Atlas of the Western United States, VolumeW&a s hi ngt on. @Aprovidgsphendi x | |
isopluvials for the 2, 10, and 18@ar, 24hour design storm®ther precipitation frequency data

may be obtaied through Western Regional Climate Center (WRCC) at Tel: (775) &1Id.

WRCC can generate30 day precipitation frequency data for the location of interest using data

from 1948 to present (currently August 2000).

WRCC can generate30 day precipitatio frequency data for the location of interest using data
from 1948 to present (currently August 2000). For project sites in western Washington with
tributary drainage areas above elevation 1000 MSL, an additional total precipitation must be
added to the tal depth of rainfall, for the 25, 50, and 1@€ar design storm events, to account
for the potential average snowmelt which occurs dumiagpr storm events.

This snowmelt factor (M may be computed as follows:
This snowmelt factor (M) is
Ms(in incheg = 0.004 (MB:- 1000);
where:
MBei= the mean tributary basin elevation above sea level (in feet).
Example:
Given: Project location at an elevation of M8 1837 feet.
Design Storm Event: 16@ear Roo= 7 inches
Compute: M= 0.004 (MB:i- 1000) =(0.004) (1837 1000)
= 3.35inches
Adjusted Roo= Pioo+ Ms
= (7 inches) + (3.35 inches)
= 10.35 inches
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2.3.2 Runoff Parameters

All storm event hydrograph methods require input of parameters that describe physical drainage
basin characteristics. Thesgrameters provide the basis from which the runoff hydrograph is
developed. This section describes only the key parameter of curve number that is used to estimate
the runoff from the water quality design storm.

Curve Number

The NRCS (formerly SCS) hasrfmany years, conducted studies of the runoff characteristics

for various land types. After gathering and analyzing extensive data, NRCS has developed
relationships between land use, soil type, vegetation cover, interception, infiltration, surface

storage and runoff. The relationships have been characterized by a single runoff coefficient
called a ficurve number . 0 - Bdcton N dydrolagyn (WNEH, Engi ne
SCS, August 1972) contains a detailed description of the development asfdheseurve

number method.

NRCS has developed ficurve number o (CN) values
found in AUrban Hydrology for Sm%b),JuneWdBé, er s hed
published by the NRCS. The combination of these two factors is call@dgheaver

compl e x . @over domgexes bavd been assigned to one of four hydrologic soil groups,
according to their runoff characteristics. NRCS has classified over 4,000 soil types into these

four soil groups. Tabl8.1 shows the hydrologic #ayroup of most soils in the state of

Washington and provides a brief description of the four groups. For details on other soil types

refer to the NRCS publication mentioned above-68R 1986).
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Table 3.1 Hydrologic Soil Series for Selected Soils in Wshington State

Soil Type Hydrologic Soil Group Soil Type Hydrologic Soil Group
Agnew C Hoko C
Ahl B Hoodsport C
Aits C Hoogdal C
Alderwood C Hoypus A
Arents, Alderwood B Huel A
Arents, Everett B Indianola A
Ashoe B Jonas B
Baldhill B Jumpe B
Barneston C Kalaloch C
Baumgard B Kapowsin C/D
Beausite B Katula C
Belfast C Kilchis C
Bellingham D Kitsap C
Bellingham variant C Klaus C
Boistfort B Klone B
Bow D Lates C
Briscot D Lebam B
Buckley C Lummi D
Bunker B Lynnwood A
Cagey C Lystair B
Carlsborg A Mal C
Casey D Manley B
Cassolary C Mashel B
Cathcart B Maytown C
Centralia B McKenna D
Chehalis B McMurray D
Chesaw A Melbourne B
Cinebar B Menzel B
Clallam C Mixed Alluvial variable
Clayton B Molson B
Coastal beaches variable Mukilteo C/D
Colter C Naff B
Custer D Nargar A
Custer, Drained C National B
Dabob C Neilton A
Delphi D Newberg B
Dick A Nisqually B
Dimal D Nooksack C
Dupont D Norma C/D
Earlmont C Ogarty C
Edgewick C Olete C
Eld B Olomount C
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Table 3.1 Hydrologic Soil Series for Selected Soils in Wshington State

Soil Type Hydrologic Soil Group Soil Type Hydrologic Soil Group
Elwell B Olympic B
Esquatzel B Orcas D
Everett A Oridia D
Everson D Orting D
Galvin D Oso C
Getchell A Ovall C
Giles B Pastik C
Godfrey D Pheeney C
Greenwater A Phelan D
Grove C Pilchuck C
Harstine C Potchub C
Hartnit C Poulsbo C
Hoh B Prather C
Puget D Solleks C
Puyallup B Spana D
Queets B Spanaway A/B
Quilcene C Springdale B
Ragnar B Sulsavar B
Rainier C Sultan C
Raught B Sultan variant B
Reed D Sumas C
Reed, Drained or Protect C Swantown D
Renton D Tacoma D
Republic B Tanwax D
Riverwash variable Tanwax, Drained C
Rober C Tealwhit D
Salal C Tenino C
Salkum B Tisch D
Sammamish D Tokul C
San Juan A Townsend C
Scamman D Triton D
Schneider B Tukwila D
Seattle D Tukey C
Sekiu D Urbana C
Semiahmoo D Vailton B
Shalcar D Verlot C
Shano B Wapato D
Shelton C Warden B
Si C Whidbey C
Sinclair C Wilkeson B
Skipopa D Winston A
Skykomish B Woodinville B
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Table 3.1 Hydrologic Soil Series for Selected Soils in Wshington State
Soil Type Hydrologic Soil Group Soil Type Hydrologic Soil Group
Snahopish B Yelm C
Snohomish D Zynbar B
Solduc B

Notes:
Hydrologic Soil Group Classifications, as Defined by the Soil Conservation Service:

A = (Low runoff potential) Soils having low runoff potential and higffitration rates, even when thoroughly wetted. They
consist chiefly of deep, well to excessively drained sands or gravels and have a high rate of water transmission (greater tha
0.30 in/hr.).

B = (Moderately low runoff potential). Soils having mde infiltration rates when thoroughly wetted and consist chiefly of
moderately deep to deep, moderately well to well drained soils with moderately fine to moderately coarse textures. These
soils have a moderate rate of water transmission (@.B5n/hr.).

C = (Moderately high runoff potential). Soils having low infiltration rates when thoroughly wetted and consist chiefly of soils
with a layer that impedes downward movement of water and soils with moderately fine to fine textures. These soils have a
low rate of water transmission (0.@b15 in/hr.).

D = (High runoff potential). Soils having high runoff potential. They have very low infiltration rates when thoroughly wetted
and consist chiefly of clay soils with a high swelling potential, soilsavtirmanent high water table, soils with a hardpan
or clay layer at or near the surface, and shallow soils over nearly impervious material. These soils have a very low rate of
water transmission (0.05 in/hr.).

* = From SCS, TH5, Second Edition, Juri®86, Exhibit Al. Revisions made from SCS, Soil Interpretation Record, Form #5,
September 1988 and various county soil surveys.

Table3.2 shows the CNs, by land use description, for the four hydrologic soil groups. These
numbers are for a 2dour duation storm and typical antecedent soil moisture condition
preceding 24our storms.

The following are important criteria/considerations for selection of CN values:

Many factors may affect the CN value for a given land use. For example, the movement of
heavy equipment over bare ground may compact the soil so that it has a lesser infiltration rate
and greater runoff potential than would be indicated by strict agplicat the CN value to
developed site conditions.

CN values can be area weighted when they apply to pervious areas of similar CNs (within 20 CN
points). However, high CN areas should not be combined with low CN areas. In this case,
separate estimate$ 8 (potential maximum natural detention) angd(@inoff depth) should be
generated and summed to obtain the cumulative runoff volume unless the low CN areas are less
than 15 percent of the subbasin.

Separate CN values must be selected for the peraimignpervious areas of an urban basin or
subbasin. For residentiateaghe percentmpervious area given in Table23nust be used to

compute the respective pervious and impervious areas. For proposed commercial areas, planned
unit developments, etdhe percent impervious area must be computed from the site plan. For

all other land uses the percent impervious area must be estimated from best available aerial
topography and/or field reconnaissance. The pervious area CN value must be a weighted
averge of all the pervious area CNs within the subbasin. The impervious area CN value shall be
98.

Example: The following is an example of how CN values are selected for a sample project.
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Select CNs for the following development:

Existing Land Use - forest (undisturbed)

Future Land Use - residential plat (3.6 DU/GA)

Basin Size - 60 acres

Soil Type - 80 percent Alderwood, 20 percent Ragnor

Table3ls hows that Al derwood soil bel ongs to the

bel ongs toap. Thereford Bradhe gxisting condition, CNs of 70 and 55 are read from
Table2.3 and areal weighted to obtain a CN value of 67. For the developed condition with 3.6
DU/GA the percent impervious of 39 percent is interpolated from Tabkend usedd compute
pervious and impervious areas of 36.6 acres and 23.4 acres, respectively. The 36.6 acres of
pervious area is assumed to be in Fair condition (for a conservative design) with residential
yards and lawns covering the same proportions of AldenaoddRagnor soil (8Percent and 20
percent respectively). Therefore, CNs of 90 and 85 are read from Table 2.3 and areal weighted
to obtain a pervious area CN value of 89. The impervious area CN value is 98. The result of this
example is summarized b&lo

OnSite Condition Existing Developed
Land use Forest Residential
Pervious area 60 ac. 36.6 ac.
CN of pervious area 67 89
Impervious area 0 ac. 23.4 ac.
CN of impervious area -- 98
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Table 3.2
Runoff Curve Numbers for Selected Agricultural, Suburban, and Urban Areas

(Sources: TR 55, 1986, and Stormwater Management Manual, 1992. See Section 2.1.1 for explanation)

CNs for hydrologic soil group

Cover type and hydrologic condition. A B C D

Curve Numbers for Pre-Development Conditions

Pasture, grassland, or rangecontinuous forage for grazing:

Fair condition (ground cover 50% to 75% and not heavily grazed). 49 69 79 84
Good condition (ground cover >75% and lightly or only occasionally grazed) 39 61 74 80
Woods:

Fair (Woods argrazed but not burned, and some forest litter covers the soil). 36 60 73 79

Good (Woods are protected from grazing, and litter and brush adequately cover the soil). 30 55 70 77

Curve Numbers for PostDevelopment Conditions

Open space (lawns, parks, golfourses, cemeteries, landscaping, ett.)

Fair condition (grass cover on 50985% of the area). 77 85 90 92
Good condition (grass cover on >75% of the area) 68 80 86 90
Impervious areas:

Open water bodies: lakes, wetlands, ponds etc. 100 100 100 100
Paved parking lots, rodfsdriveways, etc. (excluding riglaf-way) 98 98 98 98
Permeable Pavement (See Appendix C to decide which condition below to use)

Landscaped area 77 85 90 9!
50% landscaped area/50% impervious 87 91 94 96
100% impervious area 98 98 98 98
Paved 98 98 98 98
Gravel (including righof-way) 76 85 89 91
Dirt (including rightof-way) 72 82 87 89
Pasture, grassland, or rangecontinuous forage for grazing:

Poor condition (ground cover <50%oeavily grazed with no mulch). 68 79 86 89
Fair condition (ground cover 50% to 75% and not heavily grazed). 49 69 79 84
Good condition (ground cover >75% and lightly or only occasionally grazed) 39 61 74 80
Woods:

Poor (Forest litter, small treemnd brush are destroyed by heavy grazing or regular burning). 45 66 77 83
Fair (Woods are grazed but not burned, and some forest litter covers the soil). 36 60 73 79

Good (Woods are protected from grazing, and litter and brush adequately cover the soil). 30 55 70 77
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Single family residentiaf: Should only be used for Average Percent
Dwelling Unit/Gross Acre subdivisions > 50 acres impervious ares’
1.0 DU/GA 15 Separate curve number
1.5 DU/GA 20 shall be selected for
2.0 DU/GA 25 pervious &impervious
2.5 DU/GA 30 portions of the site or
3.0 DU/GA 34 basin
3.5 DU/GA 38
4.0 DU/GA 42
4.5 DU/GA 46
5.0 DU/GA 48
5.5 DU/GA 50
6.0 DU/GA 52
6.5 DU/GA 54
7.0 DU/GA 56
7.5 DU/GA 58
PUDOG s, condos, apart ment $impecviousme Separael curve numbers shall
businesses, industrial areas & must be be selected for pervious and
& subdivisions < 50 acres computed impervious portions of the site
For a more detailed and complete description of land use curve numbers refer to chapter two (2) of the Soil Conseivatien&erv T e ¢
Release No. 55, (2101-TR-55, Second Ed., June 1986).

!Composite CN6s may be c ongpentspackcdvartype.ot her combinations of

AWhereimpervious surfaceunoffis infiltrated or dispersed according to the requirements in Chapter 3, the average percent impervious area may
be adjusted in accordance with tNPSISRunofcefiurerdesonobgeB8eanden 8B8FLot) (
NPGISRunoffDi spersi ono (Section 3.1.2).

*Assumesmpervious surfaceunoff is directed into street/storm system.

“All the remaining pervious area (lawn) are considered to be in good conditiorserdhrve numbers.
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SCS Curve Numbdfquations fodeterminatiorof runoff depthsand volumes

The rainfaltrunoff equations of the SCS curve number method redakmsd area's runoff depth
(precipitation excess) to the precipitation it receives and to its natural storage capacity, as
follows:

Q4= (P-0.2S)? /(P + 0.8S) for P> 0.2S
and Qy=0 for P <0.2S

Where:

4 = runoff depth in inches over the area,
P = precipitation depth in inches over the area, and
S = potential maximum natural detention, in inches over the area, due to infiltration, storage,
etc.

The area's potential maximum detention, S, is relatéd turve number, CN:
S = (1000 /CN} 10

The combination of the above equations allows for estimation of the total runoff volume by
computing total runoff depth, Qgiven the total precipitation depth, P. For example, if the curve
number of the areia 70, then the value of S is 4.29. With a total precipitation for the design
event of 2.0 inches, the total runoff depth would be:

Qq=[2.0- 0.2 (4.29)]2 /[2.0 + 0.8 (4.29)] = 0.24 inches

This computed runoff represents inches over the tributasy areerefore, the total volume of
runoff is found by multiplying @by the area (with necessary conversions):

Calculating the design volume for wetpool treatment facilities

Total runoffvolume (c.f.) = (3,360 c.f/ ac. in.) ©gin.) * (A ac.)
If the area is 10 acres, the total runoff volume is:
3,630 cu. ft./ac. in. x 0.24 in. x 10 ac. = 8,712 cu. ft.

This is the design volume for treatment BMPs for which the design criterion is based on the
volume of runoff.

2.4 Closed Depression Analysis

The analysis of closed depressions requires careful assessment of the existing hydrologic
performance in order to evaluate the impacts a proposed project will have. Closed depressions
generally facilitate infiltration of runoff. If a closed depressiodassified as a wetland, then

SCC 30.63A.57@pplies. If there is an outflow from this wetland to a surface wihieiflow

from this wetland must also mdée requirements of SCC 30.63A.550 through SCC

30.63A.560.
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Chapter 3- Flow Control Design

This volume presents methods, criteria, and detailsyfdraulicanalysis design and
construction of best management practices (BMPs) required by SCC 30.63A.525 and SCC
30.63A.550 through SCC 30.63A®6

Non-pollution-generating surface (NPGIS) runoff contBNPsare one of the three types of-on

site stormwater management BMPs\idrich implementation to the maximum extent feasible is
required by SCC 30.63A.525. The other types of such BMPs are dispersion BMPs presented in
Volume V, Chapter 5, and BMP T5.1®ostConstruction Soil Quality and Depth, also

presented in Volume V, Gipter 5.

For the purposes of using this manual,#poitiution-generating surfaces are singganily
residential roofs, patios, sport courts, walkways, and other impervious surfaces afasinlgyie
residential properties that are not regularly subjecsély motor vehicles, or used for storage
of erodible or leachable materials, wastes, or chemicals. Metal roofs are considered to be
pollution-generating surfaces unless they are coated witheat) morleachable material such as
bakedon enamel coating

NPGISrunoff control BMPs do not require hydrologic modeling to determine proper design.
The sections describing those BMPs contain design details that either do not require size
calculations, or for which size is calculated by $yple and depth to gundwater or
impermeable layer.

The other, more "traditional,” flow control BMPs described in this volume are engineered
facilities that detain or infiltrate posevelopment stormwater runoff in accordance with the flow
control standards set forth in 8B0.63A.550 through SCC 30.63A®6However, the Western
Washington Hydrology Model (WWHM) incorporates flow credits for implementing two types
of NPGIS runoffcontrols (infiltration and dispersion), which may reduce the size of required
engineered floveontrol facilities.

Developers should note thetme stormwater infiltration systems may be regulbiethe
Washington State Department of EcolagyClass V injection wells under Washington State's
Underground Injection Control (UIC) program, set forttGhapter 17218 WAC. Generally
speaking, Class V injection wells axells or trenches for that are deeper than they are wide, or
which contain perforated pip&Snohomish County does not implement or enforce the state UIC
regulations.

3.1 Non-Pollution-Generating Surface Runoff Controls

This section presents the criteria for design and implementatimongdollution-generating

surface (NPGIS) runoffontrols. NPGIS runoffcontrols are intended to infiltrate most or all of
the runoff fromnon-pollution-generating surfaces, and to disperse most or all of the rest of this
runoff before it is discharged efite.

BecauseNPGIS runoffcontrols are limited to receiving unpolluted runoff, feasibility of use is
determined only by site soil chataristics and depth to groundwater or impermeable layer, and
by the type of project and size of lot. The soil and groundwater information is gathered during

September 2010 Snohomish County Drainage Manual Volume Il - Hydrologic Analysis and Flow Control BMPs 18



the development of the Stormwater Site Plan for the project, as required by SCC 30.63A.400
throuch SCC 30.63A.440.

NPGIS runoffcontrols do not require hydrologic modeling to determine proper design. The
BMPs contain design details that either do not require size calculations, or for which size is
calculated by soil and depth to groundwater or impedore layer. However, as noted
previously, the Western Washington Hydrology Model (WWHM) incorporates flow credits for
implementing two types dfiPGIS runoffcontrols (infiltration and dispersion), which may
reduce the size of required engineered flowtr@drfiacilities.

The three types dfIPGIS runoffcontrol BMPs described in this chapter ax#GlISinfiltration
systemsNPGISdispersion systems, and perforated stubconnectionsNPGISinfiltration
systems, described in Chapter 3.1.1, consist ofratiibntrenches or drywells intended to
infiltrate the vast majority of runoff from treurface NPGISdispersion systems, described in
Chapter 3.1.2aresplash blocks or gravéilled trenches that infiltrate some of the runoff and
spread the rest oveegetated pervious areaserfrated stulmut connections, described in
Chapter 3.1.3, consist perforated pipe within a gravélled trench connectin@lPGIS runoff
controlsto astuboutto a standard stormwater conveyance system. These systeorsuse on
sites where soil quality or depth to the seasonal groundwater table limit the use dfREI8r
runoff control BMPs.

Generally speakindyPGIS runoffcontrols must benplemented if feasible on residential lot
developments, ancbnsidered ithe followingorder of preference:

1. NPGISinfiltration systems
2. NPGISdispersion systems
3. Perforated stuibut connections

Separate decision paths for selecting the proper runoff control are set forth based on whether the
individual lots are greatehan 22,000 square feet, versus 22,000 square feet or less.

Selection of the propedPGIS runoffcontrol BMPs shall be based on the soils report prepared
pursuant to SCC 30.63A.440. The soils report must be prepared by a professional soil scientist
certified by the Soil Science Society of America (or an equivalent national program), a licensed
onsite sewage designer, or by other suitably trained persons working under the supervision of a
professional engineer, geologist, hydrogeologist, or engineeringgisiotegistered in the State

of Washington. The report must reference a sufficient number of soils logs to establish the type
and limits of soils on the project site, including an inventory of topsoil depth. If the project is
submitted to Snohomish Caiyras a 'small project’ in accordance with the requirements of SCC
30.63A.810, the soil information for selection and desighNPGIS runoffBMPs may be based

on soil survey maps from the Natural Resource Conservation Service or Soil Conservation
Service,and the soils report does not need to be prepared by a person with the credentials listed
above.

Selection oNPGIS RunoffControl BMPs

A) Singlefamily residential projects with individual lots greater than 22,000 square feet
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Either NPGIS infiltratioror NPGIS dispersion must be used if both of the following are

true:

The depth from final grade to seasonal high water table, hardpan, or other low
permeability layer is 3 feet or more.

A NPGIS infiltration or dispersion system can be designed for thasstading
to the design criteria and constraints set forth in Chapter 3.1.1 or Chapter 3.1.2.

NPGIS dispersion must be used if both of the following are true:

The depth from final grade to seasonal high water table, hardpan, or other low
permeability layeis 3 feet or less.

A NPGIS dispersion system can be designed for the site according to the design
criteria and constraints set forth in Chapter 3.1.2.

B) Singlefamily residential projects with individual lots 22,000 square feet or less

NPGIS infiltraion must be used if all of the following are true:

The particle size distribution of the soil on the site is 85% or more as sand, 15%
or less as silt, and 10% or less as clay, based on definitions in the USDA Survey
Manual, Chapter 3, Part 5 of 9 (USDA,983), and based on ASTM Standard Test
Method for Particle Size Analysis of Soils ASTM D4@2 (2002). These soil
criteria represent outwash soils (coarse sand and cobbles to medium sand).

The depth from final grade to seasonal high water table, hardpaines low
permeability layer is 3 feet or more.

A NPGIS infiltration system can be designed for the site according to the design
criteria and constraints set forth in Chapter 3.1.1.

Either NPGIS infiltration or NPGIS dispersion must be used if aheffollowing are

true:

The particle size distribution of the soil on the site is 50% or more as sand, 50%
or less as silt, and 20% or less as clay, based on definitions in the USDA Survey
Manual, Chapter 3, Part 5 of 9 (USDA, 1993), and based on ASTM&thmdst
Method for Particle Size Analysis of Soils ASTM D482 (2002). These soil

criteria correspond to the shaded area of Figure 3.1 (also shown in Chapter 3.3.1
as Figure 3.27).

The depth from final grade to seasonal high water table, hardpangotath
permeability layer is 3 feet or more.
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e A NPGIS infiltration or dispersion system can be designed for the site according
to the design criteria and constraints set forth in Chapter 3.1.1 or Chapter 3.1.2.

NPGIS dispersion must be used if all of tbkowing are true:

o The depth from final grade to seasonal high water table, hardpan, or other low
permeability layer is between 1 foot and 3 feet.

e A NPGIS dispersion system can be designed for the site according to the design
criteria and constraints sftrth in Chapter 3.1.2.

o NPGIS infiltration may not be used on these sites.

Perforated stubout connections must be used if all of the following are true:

e  The depth from final grade to seasonal high water table, hardpan, or other low
permeability layer ibetween 1 foot and 3 feet.

e A NPGIS dispersion system cannot be designed for the site according to the
design criteria and constraints set forth in Chapter 3.1.2.

e A perforated stubout connection can be designed for the site according to the
design criteriaand constraints set forth in Chapter 3.1.3.

NPGIS infiltration or NPGIS dispersion may not be used on these sites.

NPGIS runoff control BMPs are prohibited on sites that do not meet any of the sets of
criteria listed above.
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3.1.1 NPGIS Infiltration Systems
There are two types &fPGISinfiltration systems: infiltration drywells (séggure 3.2) and
infiltration trenches (see Figures 3.3 and 3.4).

NOTE: Figures 3.2, 3.3, and 3.4 show the infiltrasgatemconnected to a roof downspout, but
the infiltration system details are valid for connection to other NPGIS such as patios and
walkways.

Design Criteria foNPGISInfiltration Drywells

Figure 3.2 shows a typicBIPGISinfiltration drywell.

1. Drywell bottoms must be a minimum of 1 foot above seasonal high groundwater level or
impermeable soil layers.

2. A maximum of 1000 square feqtlén view) ofNPGISarea shall be connected to any
single drywell.

3. Drywells shall be a minimum of 48 inches in diameter and have a depth of 5 feet (4 feet

of gravel and 1 foot of suitable cover material).

4. Filter fabric (geotextile) must be placed on tdghe drain rock and on trench or drywell
sides prior to backfilling.

Drywells shall be spaced a minimum of 4 feet apart (measured edge to edge).

NPGISinfiltration drywells must not be built on slopes greater than 25% (4:1). Drywells
may not be placed aor above a landslide hazard area or slopes greater than 15% without
evaluation by a professional engineer with geotechnical expertise or a licensed geologist,
hydrogeologist, or engineering geologist, and with Snohomish County approval.

7. Concentrated éiw may not be directed to adjoining lots.

Design Criteria foNPGISInfiltration Trenches

Figure 3.2 shows a typicBlPGISinfiltration trench system, and Figure 3.3 presents an
alternative infiltration trench system for sites with a USDA soil texturesdlaation of coarse
sand and cobbles.

1. The following minimum lengths (linear feet) per 1,000 square feet (plan vieMPGIS
area based on soil type may be used for sigiAGISinfiltration trenches.

Coarse sands and cobbles 20 LF

Medium sand 30 LF

Fine sand, loamy sand 75 LF

Sandy loam 125 LF

Loam 190 LF
2. Maximum length of trench must not exceed 100 feet from the inlet sump.
3. Minimum spacing between trench centerlines must be 6 feet.

September 2010 Snohomish County Drainage Manual Volume Il - Hydrologic Analysis and Flow Control BMPs 23



Filter fabric must be placed over the drain rocklaswn on Figure 3.2 prior to backfilling.
Concentrated flow may not be directed to adjoining lots.

Infiltration trenches shll not be built on slopes steeper than 25 percent (4:1). A
geotechnical analysis and report may be required on slopes gvercént or if located
within 200 feet of the top of a geologic hazard area.

7. Trenches may be located under pavement if a small yard drain or catch basin with grate
cover is placed at the end of the trench pipe such that overflow would occur outaitthe c
basin at an elevation at least one foot below that of the pavement, and in a location which
can accommodate the overflow without creating a significant adverse impact to downhill
properties or drainage systems. This is intended to prevent satofatierpavement
subgraden the event of system failure.

Setbacks
Setbacks shall be required pursuant to SCC 30.63A.710.

Hydrologic Modeling Credits for NPGIS runoff Infiltration BMPs

If NPGISrunoff isinfiltrated according to the requirements of this section NR&ISarea may

be discounted from the total project area used for sizing stormwater facilities. This is done by
clicking on the ACreditoo butt oNPGiSareatthatess WWHM a
being infiltrated.
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3.1.2 NPGIS Dispersion Systems

There are two types &fPGISdispersion systemsplash blockgsee Figure 3.5) and dispersion
trenches (see Figures 3.6 and 3MRPGISdispersion systegare intended tinfiltrate some
runoff and spread the rest over vegetated pervious areas.

Splash blocksdispersion trenches both shalbe usedf the discharge point has a vegetated
flowpath of at least 50 feet, measured from the discharge point to the downstream property line,
other stormwater infiltration or dispersion system (such as a driveway dispersion trench), stream,
wetland, geologic haard area, or impervious surface. Critical area buffers can be included in the
calculation of the flowpath lengtiNote a WWHM flow credit can be obtained for the NPGIS

area connected to a dispersion system of the vegetated flowpath is 50 feet of msre.

provides an incentive to configure the site to provide a vegetated flowpath of this length.

Only dispersion trenches shall be usetthe vegetated flowpath as described above is between
50 feet and 25 feet long.

NPGISdispersion systems are notoatedif a vegetated flowpath of 25 feet or more cannot be
provided or if the use of a dispersion system might cause erosion or flooding problems onsite or
on adjacent properties. In these cases, perforated stubout connections must be used unless they
arenot feasible due to soil or groundwater conditions.

For sites with septic systems, the discharge pointNP@IS runoffdispersion system must be
downslope of the primary and reserve drainfield areas. This requirement may be waived if site
topography clarly prohibits flows from intersecting the drainfield or where site conditions (soill
permeability, distance between systems) @tdicate that this is unnecessary.

Design Criteria folSplashbocks

A typical splash blocks shown in Figure 3.5For roofrunoff, splash blocksvith downspout
extensions should be considerethe ground is fairly level, if the structure includes a basement,
or if foundation drains are proposed

1. A maximum of 700 square feet NPGISarea may drain to eadplash block

2. A splash blockor a pad of crushed rock (2 feet wide by 3 feet long by 6 inches deep)
shall be placed at each discharge point.

No erosion or flooding of downstream properties may result.

Runoff discharged towards landslide hazard areas must be evaluatetbfgsaipnal
engineer with geotechnical expertise or a qualified geolo§igtash blocksnay not be
placed on or above slopes greater than 20% or above erosion hazard areas without
evaluation by a professional engineer with geotechnical expertise @@nadd geologist,
hydrogeologist, or engineering geologist, and Snohomish County approval.
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Design Criteria foNPGISDispersion Trenches

1. Trenches serving up to 700 square fedilBGIS areahall be 10 feet long by 2 feet wide
as shown in Figure 3.6. FNIPGISareas larger than 700 square feet, the trench length
shall be calculated at a rate of 1 foot of trench pesquare feet diPGISarea. The
maximum length for a single dispersion trench shall be 50 feet. Trenches shall de place
no closer than 50 feet to one another.

2. For trenches larger than 10 feet in length, a notched grade board as shown in Figure 3.7
shall be used.

No erosion or flooding of downstream properties may result.

Runoff discharged towards landslide hazard areas must be evaluated by a geotechnical
engineer or a licensed geologist, hydrogeologist, or engineering geologist. The discharge
point may not be placed on or above slopes greater than 20% or above erosion hazard areas
without evaluation by a geotechnical engineer or qualified geologist and Snohomish

County approval.

September 2010 Snohomish County Drainage Manual Volume Il - Hydrologic Analysis and Flow Control BMPs 30



level outlet

p ¢ a8 %® - —-1 1/2" - 3/4” washed
ao eO a a% oy ock

a o
00 0 pofy Vo

o v °
(AT KRN SE ALY
QQ°°°VD° DQN%‘V
) 6 00 p ool o

L_ 4" min ‘———"

TRENCH X-SECTION
NTS

slope ——»
small catch basin or yard drain

2x10
level trenches
<700 sq. ft.

Type ICB

>700 sq. t. [ standard

dispersion trench

w/ notched grade board
length 10’ per 700 sq. #.
of roof area.

PLAN VIEW OF NPGIS (NTS)

Figure 3.6 NPGIS Dispersion Trench

September 2010 Snohomish County Drainage Manual Volume Il - Hydrologic Analysis and Flow Control BMPs 31



pipe .0

1'-00 1'-0
Ioin Troin erd capor ol floww 1o s2cond
- =poreid disper=sal trench
L~ clkean outwye from pipe if recessany
|~ 4" ar&" peroeied pipe laid flatlewel
ncit: hed *‘
grede boanrd ) _
Le SN e s |~ twpe 15 B wwi=solid cover (locking) type | GE
180G — 1 wizolid cower
- - i -
influent pip= (max design
flow =05 G FS pertrench)
| — clean outwye from pipe +
floww 1o other
brnzhing SB's

A= ecessany

pipe 0.0 | 180G
gal=nized bolts _J 1.0 ./1"':'L _"'l l""_E"
e ol e o - .
- |
g "
bl U = =" grade
prESsURe e o board notchas 2t
teated grade E E ko A" ar@ perforated
board | ) pipe laid fl=t
=R < ; NOTES:
4" x4 support post— Kl _' clean (=5% fines) 1. This t,enzh shall ba construced so
T ol 472" - Bl "yeashed mok asz D FII'E'I.l'EI'It FIDII'It di=z hE'.I'gE andior
o g R & Msion.
fitar bric P 2. Trenches may be placed no closer

than 50 fe=t o one anpother (100 fest
alng flowling)

2. Trench and grade board must be
kel Align to follow contours of sie.

SECTION A-A 4. Support post spacing 2= required by
NTS sail conditions to ensure gRde boamd
rermains kel

"15% s for flow controlwater cuality
treat etk in sl areas.

Figure 3.7 NPGIS Dispersion Trench with Notched Grade Board

September 2010 Snohomish County Drainage Manual Volume Il - Hydrologic Analysis and Flow Control BMPs 32



Setbacks
Setbacks shall be required pursuant to SCC 30.63A.710.

Hydrologic Modeling Credits foNPGISRunoff Dispersion Systems

For singlefamily residential lots greater than 22,000 square feBi?GISrunoff is dispersed

according to the requirements of this section andégetative flowpath is 50 feet or larger

through undisturbed native landscape or lawn/landscape area that meets BMP THIP&Ihe

area may be modeled as grassed surface. Thisisdanebyc ki ng on t he ACredi
WWHM and entering the percent NPGISarea that is being dispersed
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3.1.3 Perforated Stub-out Connections

A perforated studmut connections a length of perforated pipe within a grafi#éd trench that

is placed betweeaNPGISdischarge point such as a roof downspmd a stuiput to the

local drainage system. Figure 3.8 illustrates a perforateebstidonnection. These systems
are ntended to provide some infiltration during drier months. During the wet winter months,
they may provide little or no flow control.

Perforated stuouts are not appropriate when seasonal water table is < 1 foot below trench
bottom.

Perforated stuout connections may be usedly if NPGISinfiltration or dispersion is not
feasible per the criteria in Sections 3.1.1 and 3.1.2.

Perforated stwout connections may not be uséthe distance between the trench bottom and
seasonal high groundwater talddess than 1 foot.

Design Criteria for Perforated Stthut Connections

1. Sections of the stubut located under impervious or heavily compacted surface (e.g.,
driveways and parking areas) shall be-penforated pipe.

2. Trenches shall be 2 feet widadabackfilled with washed drain rock. The drain rock

shall extend to a depth of at least 8 inches below the bottom of the pipe and should cover

the pipe. The pipe sl be laid level and the rock trench covered with filter fabric and 6
inches of fill (se Figure 3.8).

3. Potential runoff discharge towards a landslide hazard area must be evaluated by a

professional engineer with geotechnical expertise or a licensed geologist, hydrogeologist,

or engineering geologisiThe perforated portion of the pipe magt be placed on or
above slopes greater than 20% or above erosion hazard areas without evaluation by a

professional engineer with geotechnical expertise or qualified geologist and Snohomish

County approval.

4. For sites with septic systems, the perfadgiertion of the pipe must be downgradient of
the drainfield primary and reserve areas. This requirement can be waived if site
topography will clearly prohibit flows from intersecting the drainfield or where site
conditions (soil permeability, distancetlween systems, etc) indicate that this is
unnecessary.

Setbacks
Setbacks shall be required pursuant to SCC 30.63A.710.
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3.2 Detention Facilities

This section presents the methods, criteria, and details for design and analysis of detention
facilities. These facilities provide for the temporary storage of increased surface water runoff
resulting from development pursuant to the performance stargitrftgth inSCC 30.63A.550
through SCC 30.63A6D.

There are three primary types of detention facilities described in this section: detention ponds,
tanks, and vaults.

3.2.1 Detention Ponds

Standards and Specifications

Engineering eindardsaindspecificationdor detention ponds are set forth in Chaptdi0®f
EDDSandin this section.A schematic drawing of typical detention pond is shown in Figure
3.9. See also EDDS Standard Drawing®84®A, 5240B, and other drawings in Chapter 5
EDDS.

Landscaping

Vegetation and landscaping requirements for the functional components and areas of stormwater
flow control and treatment facilities aset forth inChapter 5 of Snohomish County EDDS.

These functional components and areas include, but are ntetlitn, earthen berms, infiltration

and detention pond bottoms, filter beds, bioretention facilities, vegetated slopes and swales used
for stormwater treatment or flow control, access roads for these facilities, and any other
components or areas used dorrequired for proper function, inspection, maintenance, or repair

of these facilities, as described in Chapter 30.68% Snohomish CountiZDDS, or the

Drainage Manual.

Vegetation and landscaping requirements for other areas of tracts or lots that stmmmwater

flow control and treatment facilities are set forth in SCC 30.25.023. Appendix B of Snohomish
County EDDS contains a list of plaritsat can be used to meet the visual screening requirements
of SCC 30.25.023.
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Maintenance Maintenance requirements for drainage facilities are set foBiC{D7.53.140
and Volume V, Chapter 4.6 of this manual.

Methods of Analysis

Detention Volume and Outflow The volume and outflow design for detentimmg@s must be

in accordance with SCC 30.63A.550 through SCC 30.63A.565 and the hydrologic analysis and
design methods in Chapter 1 of this Volume. Design guidelines for restrictor orifice structures
are given in Chapter 3.2.4.

Note: The design water surfaekevation is the highest elevation which occurs in order to meet
the required outflow performance for the pond.

Detention Ponds in Infiltrative Soils. Detention ponds may occasionally be sited on till soils

that are sufficiently permeable for a properly functioning infiltration systemQkegpter3.3).

These detention ponds have a surface discharge and may also utilize infiltration as a second pond
outflow. Detention ponds sized with infiltration as a second outflow must meet all the
requirements o€hapter3.3 for infiltration ponds, including a soils report, testing, groundwater
protection, presettling, and construction techniques.

Emergency Overflav Spillway Capacity. For impoundments under ‘Hxrefeet, the
emergency overflow spillway weir section must be designed to pass theadonoff event
for developed conditions assumingr@adcrestedwveir. Thebroadcrestedwveir equatiorfor the
spillway section irEDDS Standard Drawing840Bis:

2 8
Qoo=C (2g)1’2[§ LH32 + T (Tand ) H*?] (equation 1)

Where Qoo peakflow for the 100year runoff event (cfs)
discharge coefficient (0.6)

gravity (32.2 ft/sed

lengthof weir (ft)

height of water over weir (ft)

angle of side slopes

I TQQO

Qoo is either the peak tinute flow computed from the 18@ar, 24hour storm an@ Type 1A
distribution, or the 10§ear, thour flow, indicated by an approved continuous runoff model,
multiplied by a factor of 1.6.

Assuming C = 0.6 and Tah = 3 (for 3:1 slopes), the equation becomes:
Qo= 3.21[LH"? + 2.4H%2] (equation 2)

To find L for the weir section, the equation is rearranged to use the compggaddXrial values
of H (0.2 feet minimum):

L = [Qoo/(3.21H?)]-24H or 6 feet minimum (equation 3)

3.2.2 DetentionPipes

Detentionpipes, sometimes referred to as detention taarksyunderground storage facilities
typically constructed with large diameter corrugated metal diegtentionpipe detail drawings
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are shown ireDDS Standard DrawingsZ®0and 5295 Standard control stoture details and
notes are shown in EDDShapter 5Standard Drawings.

Design Criteria

Engineering standards and specifications for detention pipes are set forth in Cligptér 5
Snohomish County EDDS.

Setbacks. Setbacks shall be provided in accordaBC¥30.63A.710.

Maintenance. Maintenance requirements for drainage facilities are set fo@IC{D7.53.140
and Volume V, Chapter 4.6 of this manual.

Methods of Analysis
Detention Volume and Outflow

The volume ad outflow design for detention tanks must be in accordance with Minimum
Requirement #7 in Volume | and the hydrologic analysis and design methods in Chapter 2 of this
volume. Restrictor and orifice design are discussed in Chapter 3.2.4.
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3.2.3 Detention Vaults

Detention vaults are detention structures that detain the water in an enclosed concrete vault
standard detention vault detail is showrfeIDDS Standard Drawing-880. Standard control
structure details and notes are shown in EQD&pter SStandard Drawings.

Design Criteria

Engineering standards and specifications for detention vaults are set forth in Chapter 5 Section 5
15 of Snohomish County EDD®esign ofoutflow control structures discusseth Section
3.24.

Access.Access to draiage facilities shall be provided in accordance with the requirements of
SCC30.63A.720 and Snohomish County EDDS

Setbacks. Setbacks for drainage facilities shall be provided in accordance&S®with
30.63A.710

Maintenance Maintenance requirements farathage facilities are set forth 8CC7.53.140
and Volume V, Chapter 4.6 of this manual.

Methods of Analysis
Detention Volume and Outflow

The volume and outflow design for detention vaults must be in accordance@ith
30.63A.550 through SCB0.63A.560. Restrictor and orifice design are given in Section 3.2.4.
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3.2.4 Control Structures

Control structureare catch basins or manholes with a restrictor device for controlling outflow

from a facility to meet the desired performance. Risertyges t r i ct or devi ces (A
AFROBO) al so provide some incidental oi Il / wat e
floatable pollutants in runoff due to accidental spill or illegal dumping.

The restrictor device usually consists of two or maifices and/or a weir section sized to meet
performance requirements.

Standard control structure detaalisd notesre shown ireDDS Chapter 5Standard Drawings

Design Criteria
Multiple Orifice Restrictor

In most cases, control structures need onlydwiices: one at the bottom and one near the top of
the riser, although additional orifices may best utilize detention storage volume. Several orifices
may be located at the same elevation if necessary to meet performance requirements.

1. Minimum orificediameter is 0.5 inches. Note: In some instances,-m€h3oottom orifice
will be too large to meet target release rates, even with minimal head. In these cases, the
live storage depth need not be reduced to less than 3 feet in an attempt to meet the
performance standards. Also, under such circumstancesthiottling devices may be a
feasible option. These devices will throttle flows while maintaining a@sigtant

opening.
2. Orificesshallbe constructed on a tee section as shovaDDS Standrd Drawing 5
270B.
3. In some cases, performance requirements may require the top orifice/elbow to be located

too high on the riser to be physically constructed (e.g.;iactBdiameter orifice
positioned 0.5 feet from the top of the riser). In thesesa notch weir in the riser pipe
may be used to meet peanfitance requirements (see FigBral).

4, Consideration must be given to the backwater effect of water surface elevations in the
downstream conveyance system. High tailwater elevationaffeay performance of the
restrictor system and reduce live storage volumes.

Riser and Weir Restrictor

1. Properly designed weirs may be used as flow restriiiessEDDS Standard Drawing 5
265and Figure 3.21 through Figure 3.23). However, they mudesigned to provide for
primary overflow of the developed 1-§@ar peak flow discharging to the detention facility.

2. The combined orifice and riser (or weir) overflow may be used to meet performance
requirements; however, the design must still provadgofimary overflow of the developed
100-year peak flow assuming all orifices are plugged. Figure 3.24 can be used to calculate
the head in feet above a riser of given diameter and flow.
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Access.Access to drainage facilities shall be provided in accaeanth the requirements of
Chapter 30.63A.720 and Snohomish County EDDS

Information Plate. It is recommended that a brass or stainless steel plate be permanently
attached inside each control structure with the following information engraved on the plate

¢ Name and file number of project

e Name and company of (1) developer, (2) engineer, and (3) contractor
e Date constructed

e Date of manual used for design

e Outflow performance criteria

¢ Release mechanism size, type, and invert elevation

e List of stage, dischargand volume abnefoot increments

e Elevation of overflow

Maintenance. Maintenance requirements for drainage facilities are set fo8ic{7.53.140
and Volume V, Chapter 4.6 of this manual.

Methods of Analysis

This section presents the methods and equations for designtodl structure restrictor devices.
Included are details for the design of orifices, rectangliarpcrestedveirs,v-notchweirs,
sutro weirs, and overflow risers.

Orifices. Flow-throughorifice plates in the standard tee section or-tiswn elbow may be
approximated by the general equation:

Q=CA/2gh (equation 4)

where Q = flow (cfs)
C = coefficient of discharge (0.62 for plate orifice)
A = area of orifice (ff)
h = hydraulic head (ft
g = gravity (32.2 ft/s

Figure 310 illustrates this simplified application of the orifice equation.
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Q = CA, V2ghy + CAVZgh;
= CVZg (A + AVY)

hg hb = distance from hydraulic grade fine
' at the 2-year flow of the outflow pipe
to the overflow elevation

o)

A\ orifice (b)

Figure 3.10 Simple Orifice

The diameter of the orifice is calculated from the flow. The orifice equation isusgefal when
expressed as the orifice diameter in inches:

d= /3?/%&) (equation 5)

where d = orifice diameter (inches)
Q = flow (cfs)
h = hydraulic head (ft)

Rectangular Sharp-Crested Weir. The rectangulasharpcrestedwveir design showim Figure
3.11 may be analyzed using standard weir equations for the fully contracted condition.
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Figure 311 Rectangular,Sharp-CrestedWeir

Q=C (L-0.2H)H” (equation 6)
Q = flow (cfs)

where
C =3.27 + 0.40 H/P (ft)

H, P are as shown above
L = length (ft) of the portion of the riser circumference

as necessary not to exceed 50 percent of the

circumference
D = inside riser diameter (ft)

Note that this equation accounts for side contractions by subtracting 0.1H._ffoneach side

of the notch weir.
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V-Notch Sharp- Crested Weir

V-notch weirs as shown in Figurel3.may be analyzed using standard equations for the fully
contracted condition.

iy

| A

A‘J SECTIONA-A

O = Ca(Tan Ni2)H %2 in cfs

Where values of Cd. may be taken from the fdllowing chart:

2.9

2.8

27 1

2.5 i---S B

- ‘\'6'00 ) - - :
24 [ 9"%
02 04 06 08
| Y/,

Figure 3.12 V-Notch, Sharp-Crested Weir

Proportional or Sutro Weir. Sutro weirs are designed so that the discharge is proportional to
the total head. This design may be useful in some cases to meet performance requirements.

The sutro weir consists of a rangular section joined to a curved portion that provides
proportionality for all heads above the lineBA(see Figure 33). The weir may be symmetrical
or nonsymmetrical.
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Figure 3.13 Sutro Weir

For this type of weir, the curved portiondsfined by the following equation (calculated in
radians):

X_ 1_3Tanl\/Z (equation 7)
b Via a

where a, b, x and Z are as shown in Figui&.3.Theheaddischargeelationship is:

Q=Cab(,/20a)(h, —%) (equation 8)

Values ofcdfor both symmetrical and nesymmetrical sutro weirs are summarized in Tabse 3.
Note: Whem > 1.500r a > 0.30, use Cd=0.6.
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Table 33
Values of G for Sutro Weirs

Cd Values, Symmetrical

b (ft)
a (ft) 0.50 0.75 1.0 1.25 1.50
0.02 0.608 0.613 0.617 0.6185 0.619
0.05 0.606 0.611 0.615 0.617 0.6175
0.10 0.603 0.608 0.612 0.6135 0.614
0.15 0.601 0.6055 0.610 0.6115 0.612
0.20 0.599 0.604 0.608 0.6095 0.610
0.25 0.598 0.6025 0.6065 0.608 0.6085
0.30 0.597 0.602 0.606 0.6075 0.608

Cd Values,Nonsymmetrical

b (ft)
a (ft) 0.50 0.75 1.0 1.25 1.50
002  0.614 0.619 0.623 0.6245 0.625
0.05 0.612 0.617 0.621 0.623 0.6235
010  0.609 0.614 0.618 0.6195 0.620
015  0.607 0.6115 0.616 0.6175 0.618
020  0.605 0.610 0.614 0.6155 0.616
025  0.604 0.6085 0.6125 0.614 0.6145
0.30 0.603 0.608 0.612 0.6135 0.614
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Riser Overflow. The nomograph in FigureI3l can be used to determine the head (in feet)
above a riser of given diameter and for a given flow (usually they@80peak flow for
developed conditions).
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3.2.5 Other Detention Options

Use of Parking Lots for Additional Detention.

Private parking lots may be used to provide detention volaoraecordance with SCC
30.63A.560

Use of Roofs for Detention

Detention ponding on roofs of structures may be used to meet flow control requirements
provided all of the following are met:

1. The roof support structure is analyzed by a structural engineer to address the weight of
ponded wate
2. The roof area subject to ponding is sufficiently waterproofed to achieve a minimum

service life of 30 years.
The minimum pitch of the roof area subject to ponding isrigh per foot.

An overflow system is included in the design to safely egritie 106year peak flow
from the roof

5. A mechanism is included in the design to allow the ponding area to be drained for
maintenance purposes or in the event the restrictor device is plugged.
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3.3 Infiltration Facilities for Flow Control and for Treat ment

3.3.1 Purpose

To provide infiltration capacity for stormwater runoff quantity and flow control, and for water
quality treatment.

3.3.2 Description

An infiltration facility is typically an open basin (pond), trench, or buried perforated pipe used
for distributing the stormwater runoff into the underlying soil (See Figu##).3This basic
description includes bioretention facilities, sometimes called "rain gardens,toamavater dry
wells receiving uncontaminated or properly treated stormwater.

NOTE: depending on its specific geometry, a stormwater infiltration facility may be regulated

by the Washington State Department of Ecology as Class V injection wells undengt@ashi

State's Underground Injection Control (UIC) program, set forth in Chapte2 18 8VAC.

Generally speaking, Class V injection wells are wells or trenches for that are deeper than they are
wide, or which contain perforated pipe. Snohomish County doiesnplement or enforce the

state UIC regulations.

Coarser more permeable soils can be usequantity control provided that the stormwater
discharge does not cause a violation of ground water quality crifgpaally, treatment for
removal of TSSoil, and/or soluble pollutants is necessary prior to conveyance to an infiltration
BMP.

Use of the soil for treatment purposes is also an option as long as it is preceded ssttipge
basin or a basic treatment BMP. This section highlights dedsigni@that are applicable to
infiltration facilities serving a treatment function.

3.3.3 Applications

Infiltration facilities for flow control are used to convey stormwater runoff from new
development or redevelopment to the ground and ground wedeappropriate treatment.
Infiltration facilities for treatment purposes rely on the soil profile to provide treatment. In either
case, unoff in excess of the infiltration capacity of the facilities must be managed to comply
with the flow control requement in Volume I, if flow control applies to the project.

Infiltration facilities can help accomplish the following:
e Ground water recharge

e Discharge of uncontaminated or properly treated stormwater tovelty in compliance
with Ecol ogy &GsChapterA7-21&VALC) at i on

e Retrofits in limited land areas: Infiltration trenches can be considered for residential lots,
commercial areas, parking lots, and open space areas.

e Flood control

e Streambank erosion control
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Figure 3.15 Typical Infiltration Pond/Basin

September 2010 Snohomish County Drainage Manual Volume Il - Hydrologic Analysis and Flow Control BMPs 51



3.3.4 Simplified Approach

The simplified approach was derived from high ground water and shallow pond sites in western
Washington, and in general will produce conservative desighs.simplified approach can be

used when determining the trial geometry of the infiltration facility, for small or low impact
facilities, or for facilities where a more conservative design is acceptable. The simplified
approachdiagrammed in Figure B, is applicable to ponds and trenches and includes the
following steps:

1. Select a location:

This will be based on the ability to convey flow to the location and the expected soil conditions
of the location. Conduct a preliminary surface andsuwtiace chareerization study (Section
3.3.5). Do a preliminary check of Site Suitability Criteria (Section 3.3.7) to initial estimate
feasibility..

2. Estimate volume of stormwater, Vdesign:

Usea continuous runoff modelpproved by Snohomish Courity the calculatins. The runoff
file developed for the project site serves as input to the infiltration basin.

For infiltration basins sized simply to meet treatment requirements, the basin must successfully
infiltrate 91% of the influent runoff file. The remaining fthe influent file can bypass the
infiltration facility. However, if the bypass discharges to a surface water that is not exempt from
flow control, the bypass must meet the flow control standard.

For infiltration basins sized to meet the flow constndard, the basin must infiltrate either all
of the influent file, or a sufficient amount of the influent file such that any overflow/bypass
meets the flow duration standard.

3. Develop trial infiltration facility geometry:

To accomplish this, an infiltteon rate will need to be assumed based on previously available
data, or a default infiltration rate of 0.5 inches/hour can be used. This trial facility geometry
should be used to help locate the facility and for planning purposes in developing the
geotebnical subsurface investigation plan.

4. Complete More Detailed Site Characterization Study and Consider Site
Suitability Criteria:

Information gathered during initial geotechnical and surface investigations are necessary to know
whether infiltration is feable. The geotechnical investigation evaluates the suitability of the

site for infiltration, establishes the infiltration rate for design, and evaluates slope stability,
foundation capacity, and other geotechnical design information needed to desigsesxl
constructability of the facility.

See sections 3.3.5 and 3.3.7.
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5. Determine the infiltration rate as follows:

Three possible methods for estimating the leon infiltration rate are provided in Section
3.3.6.

6. Size the facility:

Ensure thathe maximum pond depth stays below the minimum required freeboard. If sizing a
treatment facility, document that the*§dercentile, 2hour runoff volume (indicated by

WWHM or other hydrologic model approved by Snohomish Coucdy infiltrate throughhe
infiltration basin surface within 48 hours. This can be calculated by multiplying a horizontal
projection of the infiltration basin midepth dimensions by the estimated laagn infiltration

rate; and multiplying the result by 48 hours.

7. Construct the facility
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Estimate stormwater quantities using approved hydrologic model

A 4

Choose trial based on site conditions or assume f = 0.5 in/hr

A 4

Perform subsurface characterization and collection, including location of w

A 4

Estimateinfiltration rate using soil texture, soil gradation, or field measureme

A 4

Determine size of facility using approved hydrologic model and estimated lo

term infiltration rate

Check compliance with Size facility to maximum depth
drawdown, resizing facility if and freeboard to accommodate
necessary Vdesign

N/

Construct the facility

Figure 3.16 Steps for Design of Infiltration Facilitiesi Simplified Approach
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3.3.5 Site Characterization Criteria

One of the first steps isiting and designing infiltration facilities is to conduct a characterization
studycontaining the information listed belovinformation gathered during initial geotechnical
investigations can be used tbe site characterizatistudy.

Surface FeaturesCharacterization:

Topography within 500 feet of the proposed facility.

Anticipated site use (street/highway, residential, commercial;usghsite).
Location of water supply wells within 500 feet of proposed facility.

w0 DnhPE

Location of ground water protectioneas and/or 1, 5 and 10 year time of travel zones for
municipal well protection areas.

5. A description of local site geology, including soil or rock units likely to be encountered,
the groundwater regime, and geologic history of the site.

Subsurface Characerization:

1. Subsurface explorations (test holes or test pits) to a depth below the base of the infiltration
facility of at least 5 times the maximum design depth of ponded water proposed for the
infiltration facility,

2. Continuous sampling (representativengdes from each soil type and/or unit within the
infiltration receptor) to a depth below the base of the infiltration facility of 2.5 times the
maximum design ponded water depth, but not less than 6 feet.

o For basins, at least one test pit or test holé&@80 ff of basin infiltrating surface (in
no case less than two per basin).

o For trenches, at least one test pit or test hole per 50 feet of trench length (in no case less
than two per trench).

The depth and number of test holes or test pits, and sastplebe increased, if in the

judgment of a licensed engineer with geotechnical expertise (P.E.), a licensed geologist,
engineering geologist, hydrogeologist, or other licensed professional acceptable to the
Snohomish Countythe conditions are highlyariable and such increases are necessary to
accurately estimate the performance of the infiltration system. The exploration program may
also be decreased if, in the opinion of the licensed engineer or other professional, the conditions
are relatively urform and the borings/test pits omitted will not influence the design or

successful operation of the facility. In high water table sites, the subsurface exploration
sampling need not be conducted lower than two (2) feet below the ground water table.

3. Preparaetailed logs for each test pit or test hole and a map showing the location of the
test pits or test holes. Logs must include at a minimum, depth of pit or hole, soil
descriptions, depth to water, presence of stratificatiamygs must substantiate wheth
stratification does or does not exist. The licensed professional may consider additional
methods of analysis to substantiate the presence of stratification that will significantly
impact the design of the infiltration facility.
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Infiltration Rate Deter mination:

Determine the representative infiltration rate of the unsaturated vadose zone based on infiltration
tests and/or graisize distribution/texture (see next section). Determine site infiltration rates

using the Pilot Infiltration Test (PIT) desked in Appendix IHD, if practicable. Such site

testing shll beperformed if feasibléo verify infiltration rate estimates based on soil size
distribution and textural analysis. Infiltration rates may also be estimated based on soil grain
size distrilutions from test pits or test hole samples (particularly where a sufficient source of
water does not exist to conduct a pilot infiltration test). As a minimum, one soHgizain

analysis per soil stratum in each test hole shall be performed withim2$the maximum

design water depth, but not less than 6 feet.

Soil Testing:

Soil characterization for each soil unit (soils of the same texture, color, density, compaction,
consolidation and permeability) encounteredlishclude:

o Grainsize distributio (ASTM D422 or equivalent AASHTO specification)
e  Textural class (USDA) (See Figurel3)

o Percent clay content (include type of clay, if known)

o Color/mottling

e Variations and nature of stratification

If the infiltration facility will be used to provide tagément as well as flow control, the soil
characterization sl also include:

o Cation exchange capacity (CEC) and organic matter content for each soil type and strata.
Where distinct changes in soil properties occur, to a depth below the base of ttye facili
of at least 2.5 times the maximum design water depth, but not less than 6 feet. Consider
if soils are already contaminated, thus diminishing pollutant sorptive capacity.

o For soils with low CEC and organic content, deeper characterization of soilsemay b
warranted (refer to Section 3.3.7 Site Suitability Criteria)

Infiltration Receptor:

Infiltration receptor (unsaturated and saturated soil receiving the stormwater) characterization
shall include:

1. Installation of ground water monitoring wells (at le#istee per infiltration facility, or
three hydraulically connected surface and ground water features that will establish a
threedimensional relationship for the ground water table, unless the highest ground water
level is known to be at least 50 feet helilne proposed infiltration facility) to:

e monitor the seasonal ground water levels at the site during at least one wet season, and,

e consider the potential for both unconfined and confined aquifers, or confining units, at
the site that may influence theopiosed infiltration facility as well as the groundwater
gradient. Other approaches to determine ground water levels at the proposed site could
be considered if prapproved bysnohomish Countyand,
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e determine the ambient ground water qualifseduired ly Snohomish County for the
project

2. An estimate of the volumetric water holding capacity of the infiltration receptor soil.
This is the soil layer below the infiltration facility and above the seasonaWaggr
mark, bedrock, hardpan, or other low peatméty layer. This analysis shi be
conducted at a conservatively high infiltration rate based on vadose zone porosity, and
the water quality runoff volume to be infiltrated. This, along with an analysis of ground
water movement, will be useful in det@ning if there are volumetric limitations that
would adversely affect drawdown.

3. Determination of:
e Depth to ground water table and to bedrock/impermeable layers

e Seasonal variation of ground water table based on well water levels and observed
mottling

e Existing ground water flow direction and gradient
e Lateral extent of infiltration receptor

e Horizont al hydraulic conductivity of t
laterally transport the infiltrated water.

¢ Impact of the infiltration rate aneblume at the project site on ground water mounding,

flow direction, and water table; and the discharge point or area of the infiltrating water.

A ground water mounding analysisadbe conducted at all sites where the depth to
seasonal ground water taldelow permeability stratum is less than 15 feet and the
runoff to the infiltration facility is from more than one acrhis analysis can be based
on anaquifer test or slug tesand the project engineer may determinetype of

ground water moundingnalysis

e A detailed soils and hydrogeologic investigation shall be conducted if potential
pollutant impacts to ground water are a concern, or if the applicant is proposing to
infiltrate in areas underlain by till or other impermeable layers.
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Figure 3.17 USDA Textural Triangle
Source: U.S. Department of Agriculture
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3.3.6 Design Infiltration Rate Determination i Guidelines and Criteria

Infiltration rates carfbe determined using either a correlation to grain size distribution from soil
samples, textural analysis, or bysitu field measurements. Shaoerm infiltration rates up to 2.4
in./hr represent soils that typically have sufficient treatment propdrbes:term infiltration

rates are used for sizing the infiltration pond based on maximum pond level and drawdown time.
Long-term infiltration rates up to 2.0 inches per hour can also be considered for treatment if
SSG4 and SSE are met, as defined in Siect 3.3.7.

Historically, infiltration rates have been estimated from soil grain size distribution (gradation)
data using the United States Department of Agriculture (USDA) textural analysis approach. To
use the USDA textural analysis approach, the giasdistribution test must be conducted in
accordance with the USDA test proced©(L SURVEY MANUAL, U.S. Department of
Agriculture, October 1993, page 136This manual only considers soil passing the #10 sieve (2
mm) (U.S. Standard) to determine partages of sand, silt, and clay for use in Figure 3.27
(USDA Textural Triangle). However, many soil test laboratories use the ASTM soil size
distribution test procedure (ASTM D422), which considers the full range of soil particle sizes, to
develop soil ge distribution curves. The ASTM soil gradation procedure must not be used with
Figure 3.27 to perform USDA soil textural analyses.

Three Methods for Determining Longerm Infiltration Rates for Sizing
Infiltration Facilities

For designing the infiltr&n facility the site professional alselect one of the three methods
described below that will best represent the {tergn infiltration rate at the site. The lotgrm
infiltration rate shll be used for routing and sizing the basin/trench for thermar drawdown
time of 48 hours. flthe pilot infiltration test (&ble 36) or hindcast approaci éble 35) is
selected corroboration with a textural based infiltration readble 34) is also desirable.
Appropriate correction factors must be applied@ecified. Verification testing of the completed
facility is strongly encouraged. (See Site Suitability Criterior\Aefification Testing)

1. USDA Soil Textural Classification

Table 34 provides the correlation between USDA soil texture and infiltrates for estimating
infiltration rates for homogeneous soils based on gradations from soil samples and textural
analysis. The USDA soil textuieinfiltration rate correlation in Table 8is based on the

correlation developed by Rawils, at. (1982),but with minor changes in the infiltration rates

based on WEF/ASCE (1998). The infiltration rates provided through this correlation represent
shortterm conservative rates for homogeneous soils. These rates not consider the effects of site
variability ard longterm clogging due to siltation atbmass buildup in the infiltration facility.
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Table 34 -- Recommended Infiltration Rates
based on USDA Soil Textural Classification.

*Short-Term

Estimated Long-
Term (Design)

Infiltration Egé:grcugg Infiltration Rate
Rate (in./hr) ' (in./hr)
Clean sandy gravels and 20 2 10"
gravelly sands (i.e., 90% of
the total soil sample is
retained in the #10 sieve)
Sand 8 4 Dkk
Loamy Sand 2 4 0.5
Sandy Loam 1 4 0.25
Loam 0.5 4 0.13

**Not recommendedor treatment

*** Refer to SSG4 and SS& for treatment acceptability criteria

Based on experience with lomgrm fulls c a | e

I nfi

trati on

pond

Technical Advisory Committee (TAC) recommemthat the shofterm infiltration rates be

reduced as shown in Tablet3dividing by a correction factor of 2 to 4, depending on the soil
textural classification. The correction factors provided in Taldleefresent an average degree

per f o

of long-term faciity maintenance, TSS reduction through pretreatment, and site variability in the

subsurface conditions. These conditions might include deposits of ancient landslide debris,

buried stream channels, lateral grain size variability, and other factors #wtrefimogeneity).

These correction factors could be reduced, subject to the appr@&m@bladmish Countyunder

the following conditions:

e For sites with little soil variability,

e Where there will be a high degree of letegm facility maintenance,

e Wherespecific, reliable pretreatment is employed to reduce TSS entering the infiltration

facility

In no case shall a correction factor less than 2.0 be used.

Correction factors higher than those provided in Tallesl&ll be considered for situations

where longterm maintenance will be difficult to implement, where little or no pretreatment is

anticipated, or where site conditions are highly variable or uncertain. These situations require
the use of best professional judgnt by the site engineer and the approv&@raihomish

County.
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2. ASTM Gradation Testing at Full Scale Infiltration Facilities

As an alternative tasing infiltration rates based on USDA soil texture classificatioaBler3.5

can be used to estimate letegm design infiltration rates directly from soil gradation data,
subject to the approval &ohomish CountyAs is true of Table 8, the longterm rates

provided in Table B.represent average conditions regarding site variability, the degree of long
term maintenance and pretreatment for TSS control. Thetésnginfiltration rates in Table 3.

may need to be decreased if the site is highly variable, or if maintenance and influent
characteristics are not well controlled. The datd tbrms the basifor Table 3.5vas from soils

that would be classified as sands or sandy gravels. No data was available for finer soils at the
time the table was developed. Therefore, Tal8esl3all not be used for soils with agbize

(10% passing the size listedy$ethan 0.05 mm (U.S. Standard Sieve).

Table 35 -- Alternative Recommended Infiltration
Rates based on ASTM Gradation Testing.

D1 Size from ASTM D422 Soil
Gradation Test (mm)

Estimated Long-Term (Design)
Infiltration Rate (in./hr)

>0.4 9
0.3 6.5*
0.2 3.5%
0.1 2.0%
0.05 0.8

* Not recommended for treatment
* Refer to SS&4 and SS& for treatment acceptability criteria

However, additional data based on recent research (Massmann, et al. 2003) for these finer soils
are now available and asbown in Figure 38.
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Figure 3181 Infiltration Rate as a Function of the D10 Size of the Soil
for Ponds in Western Washington

(the mean values represent low gradient conditions and relatively shallow ponds)

Figure 318 provides a plot of this relationship between the infiltration rate and the d10 of
the soil, showing the empirical data upon which it is based. The figure provides an upper
and bwer bound range for this relationship based on the empirical data. These upper and
lower bound ranges can be used to adjust the design infiltration rate to account for site
specific issues and conditions.

The longterm rates provided in Table 3&presat average conditions regarding site
variability, the degree of lonerm maintenance, and pretreatment for TSS control, and
represent a moderate depth to ground water below the pond. Thedongpfiltration

rates in Table 3.may need to be decreagged., toward the lower bound in Figure 3.28)
if the site is highly variable, the ground water table is shallow, there is fine layering
present that would not be captured by the soil gradation testing, or maintenance and
influent characteristics are not lweontrolled. However, if influent control is good (e.g.,
water entering the pond is pretreated through a biofiltration swalsgpmentation

pond, etc.), a good loAgrm maintenance plan will be implemented, and the water table
is moderate in deptlthen an infiltration rate toward the upper bound in the figure could
be used.

The infiltration rates provided in Tablest3and3.5, and Figure 38 represent rates for
homogeneous soil conditions. If more than one soil unit is encountered withirnoé feet
the base of the facility or 2.5 times the proposed maximum water design depth, use the
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lowest infiltration rate determined from each of the soil units as the representative site
infiltration rate.

If soil mottling, fine silt or clay layers, which caotbe fully represented in the soil
gradation tests, are present below the bottom of the infiltration pond, the infiltration rates
provided in the tables will be too high andBibe reduced. Based on limited fsltale
infiltration data (Massmann and ®hart, 2000; Wiltsie, 1998), it appears that the
presence of mottling indicates soil conditions that reduce the infiltration rate for
homogeneous conditions by a factor of 3 to 4.

The rates shown in TableS3and Fgure 3.8 are longterm design rates. dNadditional
correction factor is needed.

3. In-situ Infiltration Measurements

In-situinfiltration measurementshall be performedsing a procedure such as the Pilot
Infiltration Test (PIT) described in AppendixD, unless the applicant can demonstrat
to the satisfaction of Snohomish County that such tests are infeasible at a project site

The infiltration rate obtained from the PIT test shall be considered to be desnorate.
This shoriterm rate must be reduced through correction factorsctmuat for site
variability and number of tests conducted, degree of-teng maintenance and influent
pretreatment/control, and potential for lel@gm clogging due to siltation and bio
buildup.

The typical range of correction factors to account fos¢hesues, based on TAC
experience, is summarized in Tablé.3The range of correction factors is for general
guidance only. The specific correction factors used shall be determined based on the
professional judgment of the licensed engineer or otteepsbfessional considering all
issues which may affect the lotgrm infiltration rate, subject to the approval of
Snohomish County

Table 36 Correction Factors to be Used With InSitu Infiltration
Measurements to Estimate Longlerm Design Infiltration Rates.

Partial Correction Factor
Issue
Site variability and number of locations tested CR,=15to6
Degree of longerm maintenance forevent siltation CF,=2to6
and biebuildup
Degree of influent control to prevent siltation and-bio CF=2to6
buildup

Total Correction Factor (CF) = GF CF, + CF

The following discussions are to provide assistance in determining the pantedtion
factors to apply in Table G.

Site variability and number of locations tested The number of locations tested must

be capable of producing a picture of the subsurface conditions that fully represents the
conditions throughout the facility sitel'he partial correction factor used for this issue
depends on the level of uncertainty that adverse subsurface conditions may occur. If the
range of uncertainty is lowfor example, conditions are known to be uniform through
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previous exploration andteigeological factorsone pilot infiltration test may be

adequate to justify a partial correction factor at the low end of the range. If the level of
uncertainty is high, a partial correction factor near the high end of the range may be
appropriate. Tis might be the case where the site conditions are highly variable due to a
deposit of ancient landslide debris, or buried stream channels. In these cases, even with
many explorations and several pilot infiltration tests, the level of uncertainty mdestil

high. A partial correction factor near the high end of the range could be assigned where
conditions have a more typical variability, but few explorations and only one pilot
infiltration test is conducted. That is, the number of explorations arsdcstiucted do

not match the degree of site variability anticipated.

Degree of longterm maintenance to prevent siltation and biebuildup The standard

of comparison here is the lotgrm maintenance requirements provided in Volume V,
Chapter 46, and anyadditional requirements §nohomish CountyFull compliance

with these requirements would be justification to use a partial correction factor at the low
end of the range. If there is a high degree of uncertainty thatéomgmaintenance will

be carriel out consistently, or if the maintenance plan is poorly defined, a partial
correction factor near the high end of the range may be justified.

Degree of influent control to prevent siltation and biebuildup - A partial correction
factor near the high end the range may be justified under the following circumstances:

1. If the infiltration facility is located in a shady area where moss buildup or litter fall
buildup from the surrounding vegetation is likely and cannot be easily controlled
through longterm naintenance

2. If there is minimal préreatment, and the influent is likely to contain moderately high
TSS levels.

If influent into the facility can be well controlled such that the plannedteng
maintenance can easily control siltation and biomassdiguilthen a partial correction
factor near the low end of the range may be justified.

The determination of lonterm design infiltration rates from-gitu infiltration test data
involves a considerable amount of engineering judgment. .
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3.3.7 Site Suitability Criteria (SSC)

This section provides criteria that must be considered for siting infiltration systems.
When a site investigation reveals that any of the applicable criteria cannot be met
appropriate mitigation measures must be implementelbsdhte infiltration facility will
not pose a threat to safety, health, and the environment.

For site selection and design decisions a geotechnical and hydrogeologic relpbd sh
prepared by a qualified engineer with geotechnical and hydrogeologicenqegror a
licensed geologist, hydrogeologist, or engineering geologist. The design engineer may
utilize a team of certified or registered professionals in soil science, hydrogeology,
geology, and other related fields.

SSC1 Setback Criteria

Setback requements arset forth in SCC 30.63A.710. The Washington State
Department of Ecology, Washington State Department of Health, or the Snohomish
Health District may have additional setback requiremdiitsfollowing areprovided as
guidance.

. Stormwater infitration facilities shll be set back at least 100 feet from drinking
water wells, septic tanks or drainfields, and springs used for public drinking water
supplies. Infiltration facilities upgradient of drinking water supplies and within 1,
5, and 10yeartime of travel zones must comply with Health Dept. requirements
(Washington Wellhead Protection Program, DOH, 12/93).

e Additional setbacks must be considered if roadway deicers or herbicides are likely
to be present in the influent to the infiltration syste

. From building foundations: 20 feet downslope anell00 feet upslope
. From a Native Growth Protection Easement (NGPE)) feet
. From the top of slopes >15%;50 feet.

. Evaluate orsite and offsite structural stability due to extended subgrade saturation
and/or head loading of the permeable layer, including the potential impacts to
downgradient properties, especially on hills with known-itleseeps.

SSG2 Ground Water Protection Areas

A site is not suitable if the infiltration facility will cause alation of Washington State
groundwaterquality standards (See SSZfor verification testing guidance).he project
applicant shall determine the need potlutant removal requirements upstream of the
infiltration facility and shall document these deténations in the Stormwater Site Plan.
The applicant shall alsbetermine whether the site is located in an aquifer sensitive area,
sole source aquifer, or a wellhead protection zand incorporate appropriate protection
measures into the project orethasis of these determinations

SSGC3 High Vehicle Traffic Areas

An infiltration BMP may be considered for runoff from areas of industrial activity and
the high vehicle traffic areas described below. For such applications sufficient pollutant
removal (ircluding oil removal) must be provided upstream of the infiltration facility to
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ensure that ground water quality standards will not be violated and that the infiltration
facility is not adversely affected.

High Vehicle Traffic Areas are:

Commercial or indstrial sites subject to an expected average daily traffic count (ADT)
>100 vehicles/1,000 ft2 gross building area (trip generation), and

Road intersections with an ADT af25,000 on the main roadwasgnd> 15,000 on any
intersecting roadway.

SSG4 Soil Infiltration Rate/Drawdown Time
Infiltration Rates: shorterm and longterm:

For infiltration facilities used for treatment purposes, the sfeomh soil infiltration rate

shall be 2.4 in./hour, or less, to a depth of 2.5 times the maximum design pard wat
depth, or a minimum of 6 ft. below the base of the infiltration facility. This infiltration

rate is also typical for soil textures that possess sufficient physical and chemical
properties for adequate treatment, particularly for soluble pollutant edr{sBe SS®).

It is comparable to the textures represented by Hydrologic Groups B and Gtelang
infiltration rates up to 2.0 inches/hour can also be considered, if the infiltration receptor is
not a solesource aquifer, and in the judgment of the professional, the treatment soil

has characteristics comparable to those specified inG&S8@dequately control the

target pollutants.

The longterm infiltration rate shll also be used for maximum drawdown time and
routing calculations.

Drawdown tine:

For infiltration facilities designed strictl
maximum drawdown time. If sizing a treatment facility, document that tHe&tentile,

24-hour runoff volume (indicated by WWHM or MGS Flood) can infiltrate thfotige

infiltration basin surface within 48 hours. This can be calculated using a horizontal

projection of the infiltration basin midepth dimensions and the estimated leemgn

infiltration rate.

This drawdown restriction is intended to meet the follovabgpctives:

. aerate vegetation and soil to keep the vegetation healthy

. enhance the biodegradation of pollutants and organics in the soil.
SSG5 Depth to Bedrock, Water Table, or Impermeable Layer

The base of all infiltration basins or trench systems sleatl5 feet above the seasonal
high-water mark, bedrock (or hardpan) or other low permeability layer. A separation
down to 3 feet may ballowedif the ground water mounding analysis, volumetric
receptor capacity, and the design of the overflow and/caids/ptructures meet the site
suitability criteria specified in this secti@md will prevent overtopping
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SSG6 Soil Physical and Chemical Suitability for Treatment

(Applies to infiltration facilities used as treatment facilitinet to facilities usedbr flow
control)

The soil texture and design infiltration rateslsbe considered along with the physical
and chemical characteristics specified below to determine if the soil is adequate for
removing the target pollutants. The following soil propemnesst be carefully considered
in making such a determination:

. Cation exchange capacity (CEC) of the treatment soil mus5 beilliequivalents
CEC/100 gamsdry soilas measured by USEPA Method 9081, Cation Exchange
Capacity of Soils (Sodium Acetate)

. Depth of soil used for infiltration treatment must be a minimum of 18 inches.

. Organic Content of the treatment swoilist be 1 per cent or greater, as measured
by ASTM D2974 07 - Standard Test Methods for Moisture, Ash, and Organic
Matter of Peat and Other @anic Soils

. Waste fill materials sdll not be used as infiltration soil media noalisuch
media be placed over uncontrolled or remgineered fill soils.

. Engineered soils may be used to meet the design criteria in this chapter and the
performance goalin Chapters 3 and 4 of Volume V.

SSCG7 Seepage Analysis and Control

Determine whether there would be any adverse effects caused by seepage zones on
nearby building foundations, basements, roads, parking lots or sloping sites.

SSG8 Cold Climate andmpact of Roadway Deicers

o For cold climate design criteria (snowmelt/ice impacts) refer to D. Caraco and R.
Claytor reference.

o Potential impact of roadway deicers on potable water wells must be considered in
the siting determination. Mitigation measunegst be implemented if infiltration
of roadway deicers can cause a violation of ground water quality standards.

3.3.8 Detailed Approach
Procedures for th approach are diagrammed in Figurio3.
1. Select a location:

This will be based on the ability tmnvey flow to the location and the expected soill
conditions. The minimum setback distances must also be met. See Section 3.3.7 Site
Suitability Criteria and setback distances.

2. Estimate volume of stormwater, \esign

A continuous hydrograph ah be usedrequiring a model such as the WWHM, KCRTS,
or MGSFlood to perform the calculations.

3. Develop a trial infiltration facility geometry based on length, width, and
depth:
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To accomplish this, either assume an infiltration rate based on previously avaitable da
or use a default infiltration rate of 0.5 inches/hour. This trial geometry should be used to
help locate the facility, and for planning purposes in developing the geotechnical
subsurface investigation plan.

4. Conduct a geotechnical investigation:

Ageoe c hni c al i nvestigation must be conducted
infiltration, to establish the infiltration rate for design, and to evaluate slope stability,

foundation capacity, and other geotechnical design information needed to dekign an

assess constructability of the facility. Geotechnical investigation requirements are

provided below.

The depth, number of test holes or test pits, and sampling described balidve sh

increased if a licensed engineer with geotechnical expertiseicenadd geologist or

hydrogeologist judges that conditions are highly variable and make it necessary to

increase the depth or the number of explorations to accurately estimate the infiltration
systemb6s performance. The nmayheldecreasadifon pr ogr
the licensed professional judges that conditions are relatively uniform, or design

parameters are known to be conservative based on site specific data or experience, and

the borings/test pits omitted will not influence the design ocesaful operation of the

facility.

o For infiltration basins (ponds), at least one test pit or test hole per 5,000 ft2 of basin
infiltrating surface.

o For infiltration trenches, at least one test pit or test hole per 100 feet of trench
length.

o Subsurfacexplorations (test holes or test pits) to a depth below the base of the
infiltration facility of at least 5 times the maximum design depth of water proposed
for the infiltration facility, or at least 2 feet into the saturated zone.

o Continuous sampling todepth below the base of the infiltration facility of 2.5
times the maximum design depth of water proposed for the infiltration facility, or at
least 2 feet into the saturated zone, but not less than 6 feet. Samples obtained must
be adequate for the pugmof soil gradation/classification testing.

e  Ground water monitoring wells installed to locate the ground water table and
establish its gradient, direction of flow, and seasonal variations, considering both
confined and unconfined aquifers. (Monitoringotiigh at least one wet season is
required, unless site historical data regarding ground water levels is available.) In
general, a minimum of three wells per infiltration facility, or three hydraulically
connected surface or ground water features, areeddgeddetermine the direction of
flow and gradient. If gradient and flow direction are not required, and there is low
risk of downgradient impacts, one monitoring well is sufficient. Alternative means
of establishing the ground water levels may be cmmsd. If the ground water in
the area is known to be greater than 50 feet below the proposed facility, detailed
investigation of the ground water regime is not necessary.
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Laboratory testing as necessary to establish the soil gradation characteristics and
other properties as necessary, to complete the infiltration facility design. At a
minimum, onegrain size analysis per soil stratum in each test hole must be
conducted within 2.5 times the maximum design water depth, but not less than 6
feet. When asssig the hydraulic conductivity characteristics of the site, soil

layers at greater depths must be considered if the licensed professional conducting
the investigation determines that deeper layers will influence the rate of infiltration
for the facility, requiring soil gradation/classification testing for layers deeper than
indicated above.
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5. From the geotechnical investigation, determine the following, as

applicable:

o The stratification of the soil/rock below th&iltration facility, including the soll
gradation (and plasticity, if any) characteristics of each stratum.

o The depth to the ground water table and to any bedrock/impermeable layers.

o Seasonal variation of the ground water table.

o The existing ground watdlow direction and gradient.

o The hydraulic conductivity or the infiltration rate for the soil/rock at the
infiltration facility.

o The porosity of the soil below the infiltration facility but above the water table.

o The lateral extent of the infiltration reuter.

o Impact of the infiltration rate and volume on flow direction and water table at the

project site, and the potential discharge point or area of the infiltrating water.
6. Determine the saturated hydraulic conductivity as follows:

For each defined layeelw the pond to a depth below the pond bottom of 2.5 times the
maximum depth of water in the pond, but not less than 6 feet, estimate the saturated
hydraulic conductivity in cm/sec using the following relationship (see Massmann 2003,
and Massmann et a2p03)

10g,0(K ) = -1.57+1.90D;, +0.018D;, - 0.01D,, - .08, &)

Where, Do, Dsp and Dyo are the grain sizes in mm for which 10 percent, 60 percent and
90 percent of the sample is more fine apglfs the fraction of the soil (by weight) that
passes the numb&00 sieve (Kqis in cm/s).

If the licensed professional conducting the investigation determines that deeper layers
will influence the rate of infiltration for the facility, soil layers at greater depths must be
considered when as s es s ivitygharactesstics. iMassmasn hy dr aul
(2003) indicates that where the water table is deep, soil or rock strata up to 100 feet
below an infiltration facility can influence the rate of infiltration. Note that only the

layers near and above the water table orpewneability zone (e.g., a clay, dense glacial

till, or rock layer) need to be considered, as the layers below the ground water table or
low permeability zone do not significantly influence the rate of infiltration. Also note

that this equation for estirtiag hydraulic conductivity assumes minimal compaction
consistent with the use of tracked (i.e., low to moderate ground pressure) excavation
equipment. If the soil layer being characterized has been exposed to heavy compaction,
or is heavily over consolated due to its geologic history (e.g., overridden by continental
glaciers), the hydraulic conductivity for the layer could be approximately an order of
magnitude less than what would be estimated based on grain size characteristics alone
(Pitt, 2003). Imrsuch cases, compaction effects must be taken into account when
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estimating hydraulic conductivity. For clean, uniformly graded sands and gravels, the
reduction in Kz due to compaction will be much less than an order of magnitude. For
well-gradedsandsand gravels with moderate to high silt content, the reduction n K

will be close to an order of magnitude. For soils that contain clay, the reductigqg in K
could be greater than an order of magnitude.

For critical designs, the igitu saturated condtivity of a specific layer can be
obtained through field tests such as the packer permeability test (above or below
the water table), the piezocone (below the water table), an air conductivity test
(above the water table), or through the use of a pifdtration test (PIT) as

described in Appendix HD. Note that these field tests generally provide a
hydraulic conductivity combined with a hydraulic gradient (i.e., Equation 5). In
some of these tests, the hydraulic gradient may be close to 1.0; teeefeffect,

the magnitude of the test result is the same as the hydraulic conductivity. In other
cases, the hydraulic gradient may be close to the gradient that is likely to occur in
the full-scale infiltration facility. This issue will need to be ized on a case
by-case basis when interpreting the results of field tests. It is important to
recognize that the gradient in the test may not be the same as the gradient likely to
occur in the fullscale infiltration facility in the longerm (i.e., wha ground

water mounding is fully developed).

Once the saturated hydraulic conductivity for each layer has been identified,
determine the effective average saturated hydraulic condudisfityv the pond.
Hydraulic conductivity estimates from different layers can be combined using the
harmonic mean:

d
equiv — —d (2\

K

Where,d is the total depth of theKéoiI colummhjy s t he t hi @k nens st hoef sloa yle
column,anKji s t he saturated hydd aiund itch e osnadiulc tcd ovliu
The depth of the soil columd, typically would include all layers between the pond

bottom and the water table. However, for sites with very deep water tables (>100 feet)

where gound water mounding to the base of the pond is not likely to occur, it is

recommended that the total depth of the soil column in Equation 2 be limited to

approximately 20 times the depth of pond. This is to ensure that the most important and

relevant layes are included in the hydraulic conductivity calculations. Deep layers that

are not likely to affect the infiltration rate near the pond bottom should not be included in

Equation 2. Equation 2 may ovestimate the effective hydraulic conductivity vaate

sites with low conductivity layers immediately beneath the infiltration pond. For sites

where the lowest conductivity layer is within five feet of the base of the pond, it is

suggested that this lowest hydraulic conductivity value be used as thaleqtiv

hydraulic conductivity rather than the value from Equation 2. The harmonic mean given

by Equation 2 is the appropriate effective hydraulic conductivity for flow that is

perpendicular to stratigraphic layers, and will produce conservative resultSloddras

a significant horizontal component such as could occur due to ground water mounding.

7. Calculate the hydraulic gradient as follows:
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The steady state hydraulic gradient is calculated as follows:

Dwt + Dpond
13862(K°Y) ~ ()

Where, Q) is the depth from the base of the infiltration facility to the water table in feet,

K is the saturated hydraulic conductivity in feet/days.&s the depth of water in the

facility in feet (see Massmann et al., 2003, for the development of this equation), and
CFsize is the correction for pond size. The correction factor was developed for ponds
with bottom areas between 0.6 and 6 acres in $ipe small ponds (ponds with area

equal to 2/3 acre), the correction factor is equal to 1.0. For large ponds (ponds with area
equal to 6 acres), the correction factor is 0.2, as shown in Equation 4.

gradienti ~

-0.76

Where, Aongis the aregcl):fSBBnd gb?t%'ai‘ﬁoéﬂi)es. This equation generally will re: (4)
calculated gradient of less than 1.0 for moderate to shallow ground water depths (or 10 a
low permeability layer) below the facility, and conservativetgounts for the

development of a ground water mound. A more detailed ground water mounding
analysis using a program such as MODFLOW will usually result in a gradient that is
equal to or greater than the gradient calculated using Equation 3. If thiateaic

gradient is greater than 1.0, the water table is considered to be deep, and a maximum
gradient of 1.0 must be used. Typically, a depth to ground water of 100 feet or more is
required to obtain a gradient of 1.0 or more using this equation. &mgeadient is a
function of depth of water in the facility, the gradient will vary as the pond fills during
the season. The gradient could be calculated as part of thelstelgarge calculation

used in the continuous runoff models. As of the dathisfupdate, neither the WWHM

or MGSFlood have that capability. However, updates to those models may soon
incorporate the capability. Until that time, use a stestdye hydraulic gradient that
corresponds with a ponded depth of ¥ of the maximum pondeilidap measured from
the basin floor to the overflow.

8 Calculate the infiltration rate using Darc
dh .
f:K[Ej:KI (5‘

Where, f is the specific discharge or infiltration rate of water through a unitgectien
of the infiltration facility (L/t), K is the hydrauliconductivity (L/t), dh/dz is the
hydraulic gradient (L/L), and Ai o is the gr a

9. Adjust infiltration rate or infiltration stage -discharge relationship
obtained in Steps 8 and 9:

This is done to account for reductions in the rate resulting fromteEmngsiltation and
biofouling, taking into consideration the degree of lv&ign maintenance and

performance monitoring anticipated, the degree of influent control (e.esetihag

ponds biofiltration swales, etc.), and the potential for siltation, littenfess buildup,

etc. based on the surrounding environment. It should be assumed that an average to high
degree of maintenance will be performed on these facilities. A low degree of
maintenance should be considered only when there is no other opgioa¢eess
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problems). The infiltration rate estimated in Step 8 and 9 is multiplied by the reduction
factors summarized in Table73

Table 3.7 Infiltration Rate Reduction Factors to Account for
Biofouling and Siltation Effects for Ponds
Potential for Degree of LongTerm Infiltration Rate
Biofouling Maintenance/Performance Monitoring Reduction Factor,
CFsiiuvio
Low Average to High 0.9
Low Low 0.6
High Average to High 0.5
High Low 0.2

The values in this table assume that final excavation dattiity to the finished grade is
deferred until all disturbed areas in the upgradient drainage area have been stabilized or
protected (e.g., construction runoff is not allowed into the facility after final excavation of
the facility). Ponds located in @&ty areas where moss and litterfall from adjacent
vegetation can build up on the pond bottom and sides, the upgradient drainage area will
remain in a disturbed condition lotgrm, and no pretreatment (e.g.,pedtling ponds,
biofiltration swales, etcis provided, are one example of a situation with a high potential
for biofouling. A low degree of lorterm maintenance includes, for example, situations
where access to the facility for maintenance is very difficult or limited, or where there is
minimal control of the party responsible for enforcing the required maintenance. A low
degree of maintenance should be considered only when there is no other option.

Also adjust this infiltration rate for the effect of pond aspect ratio by multiplying the
infiltr ation rate determined in Step 9 (Equation 6) by the aspect ratio correction factor
FaspectdS shown in the following equation:

CFaspec= 0.02A + 0.98 (6)

Where, Ais the aspect ratio for the pond (length/width). In no case shaljdzbe
greater than 1.4.

The final infiltration rate will therefore be as follows:
f= K’i’Cl:aspec?CFsilt/bio (7)

The rates calculated based on Equations 5 and 7 ar¢donglesign rates. No
additional reduction factor or factor of safety is needed.

10. Sizethe facility:

Size the facility to ensure that the desirable pond depth is three feet, withobne
minimum required freeboard. The maximum allowable pond depth is six feet.

Where the infiltration facility is being used to meet treatment requirenatrdsk that the
91 percentile, 2our runoff volume (indicated by WWHM or MGS Flood) can

September 2010 Snohomish County Drainage Manual Volume Il - Hydrologic Analysis and Flow Control BMPs 74



infiltrate through the infiltration basin surface within 48 hours. This can be calculated by
multiplying a horizontal projection of the infiltration basin nddpthdimensions by the
estimated longerm infiltration rate; and multiplying the result by 48 hours. Finally,

check to make sure that the basin can drain its maximum ponded water depth within 24
hours
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3.3.9 DesignCriteria for Sizing Infiltration Facilitie s

The size of the infiltration facility can be determined by routing the influent runoff file
generated by the continuous runoff model through it. To prevent the onset of anaerobic
conditions, an infiltration facility designed for treatment purposes brudesigned to

drain the 91st percentile, 2¥our runoff volume within 48 hours (see explanation under
simplified or detailed design procedures. In general, an infiltration facility would have 2
discharge modes. The primary mode of discharge from atratibh facility is

infiltration into the ground. However, when the infiltration capacity of the facility is
reached, additional runoff to the facility will cause the facility to overflow. Overflows
from an infiltration facility must comply with the Mimium Requirement #7 for flow
control in Volume . Infiltration facilities used for runoff treatment must not overflow
more than 9% of the influent runoff file.

In order to determine compliance with the flow control requirements, the Western
Washington Hydrtmgy Model (WWHM), or an appropriately calibrated continuous
simulation model based on HSPF, must be used. When using WWHM for simulating
flow through an infiltrating facility, the facility is represented by using the Pond Icon and
entering the preletermned infiltration rates. Below are the procedures for sizing a pond
(A) to completely infiltrate 100% of runoff; (B) to treat 91% of runoff to meet the water
quality treatment requirements, and (C) to partially infiltrate runoff to meet flow duration
standad.

(A) For 100% infiltration
(1) Input dimensions of your infiltration pond,
(2) Input infiltration rate and safety (rate reduction) factor,

(3) Input a riser height and diameter (any flow through the riser indicates that you
have less than 100% infiltration and must increase your infiltration pond
dimensions).

(4) Run only HSPF for Developed Mitigated Scenario (if that is where you put the
infiltration pond). You don't need to run duration

(5) Go back to your infiltration pond and look at the Percentage Infiltrated at the
bottom right. If less than 100% infiltrated, increase pond dimension until you
get 100%.

(B) For 91% infiltration (water quality treatment volume)
The procedure is the same as above, except that your target is 91%.

Infiltration facilities for treatment can be located upstream or downstream of detention
and can be offine or online.

On-line treatment facilities placeapbsream or downstreanof a detention facility must
be sized to infiltrate 91% of the runoff file volume directed to it.

Off-line treatment facilities placeapstreamof a detention facility must have a flow
splitter designed to send all flows at or below 1beninute water quality flow rate, as
predicted by WWHM (or other approved continuous runoff model), to the treatment

September 2010 Snohomish County Drainage Manual Volume Il - Hydrologic Analysis and Flow Control BMPs 76



facility. Within the WWHM, the flow splitter icon is placed ahead of the pond icon
which represents the infiltration basin. The treathiacility must be sized to infiltrate
all the runoff sent to it (no overflows from the treatment facility are allowed).

Off-line treatment facilities placedownstreamof a detention facility must have a flow
splitter designed to send all flows at ordvelthe 2year flow frequency from the

detention pond, as predicted by WWHM (or other approved continuous runoff model), to
the treatment facility. Within the WWHM, the flow splitter icon is placed ahead of the
pond icon which represents the infiltratioasin. The treatment facility must be sized to
infiltrate all the runoff sent to it (no overflows from the treatment facility are allowed).

See Chapter 4 for flow splitter design details.
(C) To meet flow duration standard with infiltration ponds

This deggn will allow something less than 100% infiltration as long as any overflows

will meet the flow duration standard. You would need a discharge structure with orifices
and risers similar to a detention facility except that, in addition, you also havetidfii
occurring from the pond.

3.3.10 Infiltration Basins

This section covers design and maintenance criteria specific for infiltration basins. (See
schematic in Figure B5)

Description:

Infiltration basins are earthen impoundments used for the collection, temporary storage
and infiltration of incoming stormwater runoft.

Design Criteria forInfiltration Basins

Engineering standards and specifications for infiltration basins are seinf@#ation 5
11 of Snohomish County EDDS.

Maintenance

Maintenance requirements for drainage facilities are set forth in Chapter 7.53.140 SCC
and Volume V, Chapter 4.6 of this manual.
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3.3.11 Infiltration Trenches

This section covers design, constrantiand maintenance criteria specific for infiltration
trenches.

Description:

Infiltration trenches are generally at least 24 inches wide, and are backfilled with a coarse
stone aggregate, allowing for temporary storage of stormwater runoff in the vdigs of
aggregate material. Stored runoff then gradually infiltrates into the surrounding soil. The
surface of the trench can be covered with grating and/or consist of stone, gabion, sand, or
a grassed covered area with a surface inlet.

See Figures 30 for schematic of an infiltration tren@ndFigures 31 through 325
examples of trench designs.

Engineering standards and specifications for infiltration trenches are set forth in Section
5-14 of Snohomish County EDDS.
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Design Criteria

Standards and specifications for infiltration trenches are set forth in Chapter 5, Section 5
14 of Snohomish County EDDS.

Maintenance

Maintenance requirements for drainage facilities are set fo8IC{07.53.140 and
Volume V, Chapter 4.6 of this manual.
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3.3.12 Bioretention facilities for flow control and treatment

This section covers design, construction, and maintenance criteria for bioretention
facilities, which are sometimes known as "rain gardens."

Description

Figure 327 shows the components ofree most common configuration fob@retention
facility, which is a basin Bioretentionfacilities are essentially infiltration basins with
two special featuresFirst, the infiltration basin is overexcavated and partially refilled
with a speciabioretentionsoil mix that functions as granularfil tration medium to
provide stormwater treatment. Second, specific vegetation is planted to maintain the
soil's ability to adsorb pollutants and infiltrate water, and to absorb and degrade
pollutants captured by the soil. A bioretentfanility can be usdéasa combination flow
control / treatment system, or can be designed with an undendfaoh reduces or
eliminates the flow control function.

Applications

Bioretention facilities are typically used foranaging runoff irthe following
applications:

¢ Onsite management of runoff fromoftops, driveways, and other impervious
surface

e Shared facilities in common areas for individual lots

e Cul-desac medians or areas within loop roads

e Parking lot islands

e Within rights-of-way along roads (linear bioretentitacilities swales and cells)

¢ Common landscaped areas in apartment complexes or other multifamily housing
designs
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Configurations

Hydrologic modeling creditior WWHM have been developed for three configurations
of bioretention facilities: bioretentidmasins bioretention swales, and bioretention slopes.
The modeling credits and methods for each configuration are discussed thigr in
section.

Design Criteria
Native soil characteristics

The characteristics of the native saicluding infiltration rateshall be determined as

part of the characterization study described in Chapters 3.3.5 through 3.3.7 of this
volume, with the exception that the native soil does not have to be evaluated for its ability
to provide treatment, since this function will befpaned by thebioretention soil mixn

the bioretention system.

Depth to groundwater, bedrock, or impermeable layer

A minimum 1 foot separatiois required between the lowest elevation oftibttom of
thebioretention soil (or unddrain system, if usgdnd the seasonal high water table,
hardpan, or other impermeable layer if the area tributary to the bioretention system does
not exceed any of the following:

o 5,000 square feet of pollutiegenerating impervious surface; or
o 10,000 square feet ohpervious area; or
0 % acres of lawn and landscape

If the area tributary to the bioretention system meets or exceeds any of the thresholds set
forth above, aninimum 3 foot separatioof clearance is necessary betweenlonest

elevation of thdottom ofthe bioretention soil (ounderdrain system, if usgdnd the

seasonal high water table, hardpan, or other impermeable layer.

Bioretention soil mix characteristics

Thebioretention soil mix consists of an aggregatasoil component combined with
compost. Two soil mixesareapproved by Ecologgs providing eharced treatment and
protection of groundwater quality

Bioretention soil mix¥rom 2005 EcologyManual:

e The particle size distribution of thmoretentionsoil mix shall correspond to a
'loamy sand'as shown in Figure 3.27 of this volunpbased on definitions in the
USDA Survey Manual, Chapter 3, Part 5 of 9 (USDA, 1993), and based on
ASTM Standard Test Method for Particle Size Analysis of Soils ASTM B2
(2002).

e The clay content ahe bioretentia soil mixshallbe less than 5%.
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e The minimum shorterm hydraulicconductivityfor the bioretentiorsoil mix shall
be 1.0 inches/hour per ASTM Designation D 2434 (Standard Test Method for
Permeability of Granular Soils) at 80 percent compaction per ASédgnation
D1557.

e Thebioretention soil mixhall have a minimum organic content of %) as
measured by ASTM D297@7 - Standard Test Methods for Moisture, Ash, and
Organic Matter of Peat and other Organic Soils.

e The pH for the soil mix sl be between .5 and 7.0.

Bioretention soil mixrom 2009 WSU Extension Bioretention Soil Study

e Between 2% and 5% of the bioretention soil mix shall pass a #200 sieve.

e Cation exchange capacity of the bioretention soil mix shall be a minimum of 5
milliequivalents / 10@rams dry soil, as measured by USEPA Method 9081,
Cation Exchange Capacity of Soils (Sodium Acetate).

e The clay content ahe bioretention soil mike less than 5%.
e The pH for thebioretentionsoil mix shall be between 5.5 and 7.0.

Additional criteriaapplicable to both sets of criteria

Compost

Compostsed in the bioretention soilm&xh al | meet the requirements
mat er i al s 0-350220. WAditiah, £@npost shall be stable, mature and

derived from yard debris, wood waste, or otbkgranic materials that meet the intent of

the organic soil amendment specification. Compost shall not be derived from biosolids

or manure composts.

Compostshallhave an organic matter content of 35% to 65%, as measured by ASTM
D297407 - Standard Test Bthods for Moisture, Ash, and Organic Matter of Peat and
other Organic Soils.

Compost shall have@rbonnitrogen(C:N) ratio betweer20:1 and 35:1 A 35:1C:N
ratiois recommended for plants native to the Puget Sound Lowlands region.

Design hydraulic @nductivity

The aesign hydraulic conductivity of either th@retention soil mix or the native sdsl
calculated bynultiplying the measured hydraulic conductivity by a safety factor intended
to represent the loagrm hydraulic conductivity of the matak. For bioretention

systems intended to provide both treatment and flow cottkize of the bioretention
facility is controlled by the lesser tie design hydraulic conductivitf the bioretention

soil mix and the native soil. For bioretentigrstems intended to provide treatment only

September 2010 Snohomish County Drainage Manual Volume Il - Hydrologic Analysis and Flow Control BMPs 88



and which have an underdrathe design hydraulic conductivity is that of the
bioretention soil mix.

Design hydraulic conductivity of native soil

The design hydraulic conductivity of native soil shallde¢ermined by the methods
described previously in this volume for infiltration basins.

Design hydraulic conductivity for bioretention soil mix

The desigrhydraulic conductivity of the bioretention soil mix shadl measuretdy
ASTM Designation D 2434 (Stdard Test Method for Permeability of Granular Seils
Constant Hegdat 80 percent compaction per ASTM Designation D 1&%aboratory
Compaction characteristics of Soil Using Modified Effoniultiplied by the following
safety factors:

SF = 2 for tributay areas less than the following:
o 5,000 square feet of pollutiegenerating impervious surfac&ND
o 10,000 square feet of impervious aradD
0 ¥ acres of lawn and landscape.

SF = 4 for tributary areas equal or gezab the following:
o 5,000 square feef pollution-generating impervious surfacd@R
o 10,000 square feet of impervious are&®
0 ¥ acres of lawn and landscape.

In all cases, the minimum allowabigeasuredhydraulic conductivity rate for the
bioretention soil mix shall b&.0 inches per hourFurther, if the 2009 WSU Extension
study criteria are used, the maximumeasuredhydraulic conductivity rate for the
bioretention soil mix shall be 12.0 inches per hour.

Other design criteria
Bioretention soil mix depth

Theminimumdistance between the top of the bioretention soil mix layer and the top of
the native soil ogravel bed founderdrain(if present)shall be 18 inchesThis
measurement is exclusive of the depth of the mulch layer if mulch is used.

Surface pool depth

Thesurface pool depth shall lseminimum of 6 inches and a maximuml@finches
measured from the invert elevation of the overflow system to the lowest point on the top
of the biofiltration soil mix or mulch layer
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Surface pool drawdown time

The maximum sdace pool drawdown time shall be 24 hours.
Mulch layer (over bioretention soil mjix

The use of a mulch layer over the bioretention soil mix is optional. If mulch is used it
shall meet the following requirements

e Compost shall be used for mulch below threrflow elevation.

¢ Mulch shall be composed of bole or branch wood and bark, and shall be free of
weed seeds, soil, roots, and other material.

e The maximum thickness of mulch shall be 3 inches.

Bioretention facility plants

Plants should be tolerant of pondifluctuations and saturated soil conditions for the
length of time anticipated by the facility design, and drought during the summer months.
In general, the predominant plant material utilized in bioretention areas are facultative
species adapted to stees associated with wet and dry conditions. Specificgpéaat

listed below; this information is taken frofppendix 3 of the 1995 Puget Sound Action
Team Low Impact Development Technical Guidance Manual for Puget Sound.

Specialconsiderations

Droughttolerance- Several plants included on the list do not tolerate dry conditions. For
these plants, irrigation will be necessary during dry periods. In general, all plantings
require watering during dry periods for the first two or three years afterngannttil
established.

Placement of large treesConsider height, spread, and extent of roots at matuuisg
caution in plant selection for areas with underdrain pipes or other strucReésr to
County codes and EDDS for restrictions on placermaétrees on or near berms, roads, or
other infrastructure.

Phytoremediation Appendix 5 of the 1995 Puget Sound Action Team Low Impact
Development Technical Guidance Manual for Puget Sound contains a list of plans that
have been studied for their ability filter, absorb, or degrade specific contaminants.

While most of these plants are not included in the following lists, varieties of some of the
species known for phytoremediation are listed.
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Plant zones

Zones noted in the following pages dedined as follows:

Zone 1 Areas of periodic or frequent standing or flowing water. Zone 1 plants will also
tolerate the seasonally dry periods of summer in the Pacific Northwest without extra
watering and may also be applicable in Zone 2 or Zone 3.

Zone 2 Areas that are periodically moist or saturated during larger storms. Zone 2
plants are also applicable in Zone 3.

Zone 3 Areas with dry soils, infrequently subject to inundation or saturation. These
plants can be used to transition to or blenith existing landscape.

Zone 1
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